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Mcl STUDENTS - :

Welcome to the Marine gorp§ﬁiﬁstjtuté traiﬁing'program. Your 1ntergst'1n
sel f-improvemént and indreased professional competence is commendable.
_Information is provided Qelow to assist you in compléting th® course.
Please read this guidance before proceeding with your studies. L )

~

1. MATERIALS

Check your course materials. ‘You should have all the materiats listed-in
the "Course Introduction." .In addition you should have an envelope to mail
your review lesson back to MCI for grading unless your review lesson answer (
sheet is of the self-mailing type. If your answer sheet <is the pre-printed
type, check to see that your name, rank, and social security number are
correct. Check closely, your MCI records are kept on a computer and any
discrepancy in the above information may cause your subsequent activity to go _

unrecorded. You may correct the information directly on the answer sheet, If
you did not receive all your materials, notify your training NCO. 1If you are

not attached to a Marine Corps unit, request them through the Hotline (autovon AT
288-4175 or commercial 202-433-4175). e 3 ,:f
2. LESSON SUBMISSION v : ,~
. Thefself—graded_éierciseéycdntainéd in your course are not to be returngd”
to MCI. Only the completed review lesson answer sheet should be mailed to
MCI. The answer sheet is to be completed and mailed only after you have (—\S“\\-
finished all* of the study units in-the course -booklet.. The review lesson has
been designed to prepare you for the fina] examination,
It is important that you provide the required information at the hottom of ~ :
your review lesson answer sheet if it does not have your name and address .3
printed on it, In courses in which the work is submitted on blank paper/or ,
+ printed forims, identify each sheet in the following manner; . ,
DOE, John J. Sgt 332-11-9999 | B
08.49, Forward Observation N %
Review Lesson . .
Mili%pry-or office address 3 '
(RUC™number, if available) . o
Submit your review lesson on the answehd!heet and/or forms.provided. o

Complete all blocks and+follow the directions on the answer sheet for

mailing. Otherwise, your answer sheet may be delayed or lost. If you have to

interrupt your studigs for any reason and find that you cannot .complete your .
course in one year, you may request a single six ménth esyension by contacting -
your training NCO, at least one month prior to your course’ completion deadling v
date. If you are not attached to a Marine Corps unit you may make this :
requgst by letter, Your. commanding officer is.fhotified monthly of your status

through the mdnthly Unit .Activity Report. In. the évent of difficulty, contact

your training NCO or MCI immediately. : a :
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. officer or a staff NCO. , .

" 6. COMPLETION CERTIFICATE ¢ | %

\ ; q ’ S /
3. MAIL-TIME DELAY ' - } . ‘ . 3
Presented below are the-hail-time‘ﬂe]ays that you may experience between PR
.~ the mailing of your review lesson and its return to you. = . Zj’/'(
, = - TURNAROUND . MCI PROCESSING .  TOTAL NUMBER .
MAIL TIME. . TIME ’ . DAYS .
" EAST COAST - R [ ~ /7 5 * 2T -

WEST COAST 16 5 21
FPO NEW YORK .8, 5 . gia
FPO SAN FRANCISCO 22 "5 27

You may also experience a short deliy,i receiving your final examination
due to administrative screening required at’MCI. -

- . L3 . .
4 @GRADING SYSTEM .\ ‘ ' \
o  LESSONS . EXAMS : .
GRADE PERCENT  °  MEANING  GRADE PERCENT ’ ﬂ
4 . ) ° / " - -
A 94-100 * EXCELLENT A 94-100
B. " 86-93 - - ABOVE AVERAGE - s/ 86-93" ‘ )
C . 78-85 - AVERAGE .- C 78-85
D~ 170-77 BELOW AVERAGE. - D . 65-77 o
NL BELOW 70 FAILING . " F BELOW 65 L. )

Yog will receive a percentage grade for your review lesson and for the
final examination, A review lesson which Fﬁtéives a score below 70 is given a
grade of NL (no lesson), It must be resubmitted and PASSED before you will ;
receive an examination. The grade attained oh the final exam 4s your course ’
grade, unless{%ou fail your first exam. Those who fail their first exam will
be sent an alternate exam in which the highest grade possible is 66%. Failure

of the alternate will result in failure of the course.
5. FINAL EXAMINATION . =~ o

~ ACTIVE-DUTY PERSONNEL: When yoh pass your REVIEW LESSON, your examination
will be maileq automatically to your ‘commanding officer. The administration
of MCI final examinations must be supervised by a-commiséﬁoned or warrant ;

. . . (" y
OTHER PERSONNEL: Your examination may be administered and gupervised by
your supervisor.. 3 - | e

’

The completion certificate will be mailed to yan commanding officer and.
your official records will be updated augtmatically. For non Marines, your
completion certificate is mailed to yoyf supervisor. N
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7. RESERVE RETIRENENI CREDITS - .~ R

, Reserve retirement credits are "awarded to 1nact1ve daty personnel. bnly . -
Eredits awarted for each course are listed in the "Course Introduction:’ ’
. Credits are only awarded upon successful- completion of the course. Reserve
. retirement credits are not awarded for:MCI study’ perform during drill
périods if credits are -also awarded for dril attendance .
: N . _ - .
. 8. DISENROLLMENT SR ; -

L d
3

Only your commanding officer can request your disenrollment from an MCI
course. However, an automatic disenrollment occurs if the course is not.
- completed (including the final exam) by'the time you reach the CCD (course
completion deadliné) or the ACCD (adjus urse’ comnﬂetion deadl ine) date.
Thisgaction\will adversety affect the Tetion rate.

9. , ASSISTANCE »
3 J ‘

: Consult your training NCO if you have’ questions concerning course
-7 content. ‘Should he/she be unable to assist’ you, MCI is ready 'to help you )
"~ whenever you need it. Please use the Student Course Content Assistance '
RequestsForm "(ISD-1) attached to the end of your course booklet or call ong of ¢
the AUTOVON telephone numbers listed below. for ‘the appropr1ate course writer

_ section. p .
. } . : o
~ PERSONNEL//ADMINISTRATION R | 288-3259 ‘s ¥
OMMUNICATIONS/ELECTRONICS/AVIATION . '
WBC/INTELLIGENCE - ) 288-3604
INFANTRY ' ¢ 288-3611
*  ENGINEER/MOTOR TRANSPORT ‘ 288-2275
. 'SUPPLY/FOOD SERVICES/FISCAL ' . 288-2285
' © TANKS/ARTILLERY/INFANTRY WEAPONS REPAIR - ’ ‘
. LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/
~» ~ ASSAULT AMPHIBIAN VEHICLES 288-2290 !

For administrative problems use the UAR or call the MCI HOTLINE 288—4175.

. [ ’
§< For commercial phone lines, use area code 202 and prefix 433 instead of
288. ) B 2
¢ & >
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FUNDAMENTALS OF DIESEL 'ENGINES has been designed
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PREFACE
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to provide engjneer equipment

- .mechanics, MOS 1341, sergeants and below, with a source of study magerial on the basic
The course will 41sd bp beneficial to those Marines in

fundamentals of diesel engines. :

i fields 1T, 18, 21, and 35 whose Jobs;%equirg them to work closely yith diesel
road coverage on diedel enging principles,

uction, fuel injection, combustiony-and

» occupationa
rengines.
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WFUN)MENTALS OF. DIESEL ENGINES provides
.purposes, advantages, disadvantages, engine co
contro™ing the-engine. o
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" Diesel Engines; 1979

Principles of Automotive
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Vehiclas, Jan 1956
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) - FONDAMENTALS OF DIESEL ENGINES ’ oo \’ 7
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. - o . - COURSE INTROODUCTION - .
. . The pugrpdsde of this’ téxt is *o serve as a source of information,and a‘ training aid for
/ ‘ wamechanics working on internal-combustion engines of the diesel degign. The cdurse is designed
+. to present an*uncluttered view of just the'fqndaMeﬂtals of diesel gngines, i.e.,-.engine- -
construction, diesel engine principles, engine performance, engine mechapics, structural .
engine parts, injecting the fuel, burring the fue}, and control)ing the engine. ' Engine ; '
systems and auxiliaries are covered in other courses offered by MCI. A sound understanding N .
the fundamentals of diesel engines will enable the mechanic working on diesel engines to .
understanpd diesel malfunctions and inadequate perforimance. - * .
. The diesel.enginé bears_ the name of Dr. Rudolph Diesel, a German engineer. He is
‘ v . credited with constructing the first successful diesel engine using liquid, fuel in 1897. His
objective was an engine with greater fuel economy than the steam engine which used only a
siall percentage of the energy contained in the coal burned under its boilers. Dr. Diesel
oM™gind1ly planned to use pulverized coal as fuel, but his first experimental engine in 189
, was a failurg. After a second engine also failed, he cg}ﬁged his plan and used liquid fuel
" The engine then proved successful. ' _ . -
The first diesel”engines were low-speed, low-pressure heavy engines. The first steps
of develppmént werd: (a) to increase the power for.a given bore and stroke by raising the
operating speed thus getting*more power strokes per minute, and (b) to’raise the gas pressure
in the gylinders inside by improving the combustion. This was accomplished by obtaining a
better'utilization of the air inside of the cylinder. The next step was to reduce the weight
of the engines by a more careful.use of matefials. Unnecessary yeight ‘was avoided where
possible. ~Materials of higher strength for_a given weight were used both in. stationary and
moving parts; for example, using high—gradﬁﬂalloys instead wof cast-iron for exhaust valves,
“aluminum alloys inStead of cast-irgn for framework, and nickel cast-iron for cylinder liners.
Particular attention had to be paid to lightening the reciprocating parts®in order to reduce
the undesirable.forces of inertia as the engine speeds were gradually being increased.
_Another step was changing the engine shape to get more power for the same overall bulk. This’ ’
was done by shortening the engines. Either a V-type cylinder.arrangement was used or the -
cylinders were crowded together by using an X-type arrangement with a vertical shaft and
several banks of cylinder rows as seen in the pancake engine.

¢ .S
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]

( - " . Early diesel engine.

- The last step was supercharging, i,e., increasing the amount of air taken in which .
permits an increase in the amount of fuel-burned in the engine thus raising the useful .
_ pressure apd the horsepower developed. While present diesel engines are tremendously improved - .
as compared wyth diesel engines built 20 and even 10 years ago, ‘further progress undoubtedly
will take place. The probable proce i11 be a further increase in the engine’speed and
the obtaining of more efficient combus . However, improvements become more and more
difficult because the presént engines have almost reached the safe limits of high temperatures .
and stresses in many of -their parts. s

N

. In the Marine Corps, diesél engines are used in a variety of applications. "They come
ii'q . in all sizes from the small 2-cylinder diesel generator set to the 2-,+4-, 6-, 8-, and .
12-cylinder in-1ine and V-type engines found in construction equipment; motor transport,
equiphent, amtracs, and tanks. Horsepoker ratings range from the 10-horsepower engine in the
small 5 kw generator sets to the 750-horsepower engineg in the M60 tank. < 5t
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A thorough understanding of the fundamentals of internal-combustion engine$ as
presented in this course is Jmportant‘Yor several reasons. First, Pt is essential for an
understanding of the.operation of various engines and the functions of the different parts.

It 1s much easier for a person to do something properly when he understands the reasoning
behind it. The understanding of the.fundamentals underlying the operatfon of different engine
parts helps to prevent undesirable operating conditions and thus reduces maintenance
problems. A proper understanding of the fundamentals helps to sojve ndw_problems of operation
and maintenance and suggests how to meet new conditiions of operation. Furthermore, a good’
understanding of the fundamentals will help in dealing with an engine of a new {ype or a new
design, since the basic-principles for all engines are the same.. The different shape of a
certain engine part will not .confuse a person who understands the purpose and operating
conditions of that pact or piece of auxiliary equipment. In case you, as a diesel mechanic,
have to use a helper who has not received diesel engine training or have to teach a man to
take your~place in an emergency, a.thorough understanding of the fundamentals will be
invaluable. When the new man asks why, you will be able b answer, At the same time, it is
well to remember that studying frém a book is not ‘enough regardless of how good the book may
be. It takes several yehrs of-practical experience in operating and sgrvicing diesel engines
of various.types to becoje a real diesel mechanic, -
. -, X
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_ " FUNDAMENTALS OF DIESfL-EﬁGINES', ’ ! . ( )T
) ) ADMINISTRATIVE INFORMAT IO
_ ' ORDER OF STUDIES ’ o .
Study Unft~ - Study ) \ _ . ' \ -
Number . Hours Subject Matter
1 A 3" Basic Principlest /
. P I3 . . : , ¢
2. 3 "+ Principles, Mecharics, and: Perfofmance o ' _
3 4 " Injection and Control
2 REVIEW LESSON : "*
2. ﬂ INAL EXMAINATION . / ‘
\ "‘ . L. . . ’ _ 4
—"'E.—"'._-"'"*“""T"""_‘_""'-’"‘*"""".—,"‘—"“'f """""" -
RESERVE RETIREMENT . _ ' CoA B
CREDITSY 5. ) ‘ _ ’ _ o r _
. COLLEGE. CREDITS: American Council on Education (ACE) has awarded 13.35a, - B
. : FUNDAMENTALS OF DIESEL ENGINES, 3 semester hours in Fundamentals of '
',, Diesel Engines 1rf the Vocational Certificate Category. _
EXAMIﬁATJON:' .Supervis'ed final examination without textbook or notés;‘time 1imit
' 2 hours. ) s _
“MATERIALS: © MCI 13.35a, Fundamentals of Diesel Engines, Review lesson and
.o . . -answer sheet. ‘ '
( ;
RETURN OF - o o '
MATERIALS: ' STUDENTS who successfully complete this course are permitted to \

keep the course materials.

/ Students disenrolled for inactivity or at the request of their
\ "commanding officers will return all course materials.

o

-

T T m o e e e e e e e e e e e e e m e e . —

HOW TO TAXE THIS.-COURSE} _ _
This course contains three study units. Each study unit begins with- a genendl
objective that is a statement of what you should learn from the ‘study unit. - The study units .

‘are divided into numbered work units, each presenting one or more specific objectives. Read - i
the objective(s) and then the work unit text. ~At the end of the work unit text. are Questions s -

that you should be able to answer without referring to.the text of the work ‘unit. After

answering the questions, check your; answers with those 1isted 4t the end of the study unit.

If you miss-any of the questions,‘you 'should restudy the text of the work unit until you

understandfthe correct responses. When you have mastered one study unit, move on'to the

next, Aftef you have compreted all of the study units, complete the review lesson and take it

to youn training officer or NCO for mailing to MCI. MCI will mail the final examination to

your training officer or NCO when you pass the review lesson. v
. . ) . : b ' o
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Welcome to the Marine Corps
Inltltut' correspondence trhining pro-
. gram) "By erirolling in this' cours - you

b, |
‘have shown a desire t i,mprove th T
8kills, you need for etfeitive job perfor-
mance, and MCI has provided materials
. to help yoy achieve your goal, Now all
. - . you need is to develop your éwmyhethod
o © - for using tkeBe materials to best advan- .
tage, :
The rollowing g,uidennes preaent _
- & four-part approach to completing ybur
MCI course successiully: .
- \
‘1, Make a."reconnaissgnce" of
:;'our materials;
~2, Plan your study time and choose
 a good study environment;
)
. 3. Study thoroughly and svstem-
, - aucally
v, 4. Prepare I'or- the final exam.
LY
: ™ L MAKE A "RECONN ANCE" OF
Y YOUR MATERIAL 3
Begin with a look #® the course

introduction page. Read the COU'RSE

s INTRODUCTION to get the "big picture”
of the course, Then redad the MIATERJALS
gection near the hottomr of the page 10
find out hich text(s) and study aids vou

» should have received with the cofrse,

If any of the listed materials are miss-
ing, see Information for MCI Students
to find out how to get them, .If you have
everything that is listed, vou are ready
to ""reconnoiter' vour MCI course,

Read through the table(l) of con-
tents of your text(s). Note the various
subjects covered in the course and the
order in which they are taught, Leaf
through the texi(s) and 100k at the illus=

MARINE $ORPS INSTITUTE

.- your first 3tudy unit,

tr l'iions Reand a few work unit ckues-

. tions to get an ided of the types that are

asked., If MCI provides other study
aids, such as a glide’ rule‘ or a plotting
board, tamiliarize yqurself with them.
Now, get down to gpecifics? .

1. PLAN YOCUR STUDY TIME AND
CHOOSE A GOOD GTLDY EN\'IRO\J-
MENT . o

\ t . . . 4 . .
From logking over the course,
materials, you should hayve some idea

of how much study you \\ n need to com-

plete this course, But 'some idea' is

not enough. You need to workupa

personal studv plan; the following steps
should give you some help,

‘ @ G®t & calendar and mark thgse

_ days ol the week when you have time{
free for study.. Tworstudy periods peér
week, each lasting 1 to 3 hours, are
suggested for compleling the nginimum .
two study units required each month by
MCI,  Of course, work and other
schedules are not the same‘for ever vone,
“The important thing.ig that vou schedule
“a regular time for ‘s;ud» on the same . e
dayvs of each week, .

Road iho course .Anr nduumn
page again,. The section marked ORDER
. OF STUDIES tells you the numl)cr of
smdv units in the course and the approxs
imate number of study hours you wift =’
need to complete each study unit, Plug
these study hours_intp vour schedule, .
For example, if you set aside two 2-hour
_study periods each week and’the ORPDER
OF STUDIES estimates 2 study hours for
You-could easily
‘schedule and complete the first study \
wnit in one study perlod t On your calen-
, dar you would mark "Study Uhit 1" on the




r

/ .

[ .
appropriate day, Suppose that.th
second study unit of your course re-
quires 3 study hours, In that case, you
would divide the study unit in half and
work on each half during & separate ~_
study period, You would mark your
calendar accordingly. Indicate on your
calendar exactly when you plan to work
on each~study unit for the entire coyrae.
Do not forget to schedule one or tw
study periods to prepare for the final
exam, °

@ Stick to your schedule, . .
Besides planning your study -
time, you should almo choose a study
environment that is right for you, Most
people need a quiet place for study, like
a library or a reading lounge; other
people study Rewer where theve is back- ,
ground music: still others prefer to siudy
out-of-doors, You must choose your
study environment carefully so that {t
fits your individual necds, ¥

. STEDY THOROUGHLY AND
S_YSTEMATICALLY
Armed with a \\'_orkable schedule
and situated in 8 gagd study envirgnment
you are now ready to attack your course

study unit by study unit, .To*begin, turn

to the first page of study unit 1.. On this .

page you.will find the study unit objective, *
a statement of what you should be able to '
do after completing the study ynit,
DO NOT begin by reading the
work unit questions knd fipping through
the text for answers, If you do so,
_you will prepare to fail, not pass, the
final €kam, Instead, proceed as'fol-
lows: ot :

@ Read the objective for the
first work unit and then read the work
unit text carefully, Make notes on
the ideas you feel are {mportant, -

. Without referring to the text,
answer the questions at the end of the
work unit, - .

EEEAY

@'Check your answers against
the cqrrect ones listed at thp end of
the study unit, -

, g@ If you miss any of the questions,
restudy the work unit until you understand

the correct response,

) @ Go_on to the neyt work unit and re-
peat steps through until you have com-

, -;Tleted all th€ work units in the study unit,

Q

-~ the first time around,

&
LT

] - .

Fallow the same procedure for each
study unit of the course, If you have
problems with the text or work unit questions
that you cannot solve on your own, ask
your section OIC or NCOIC for help, If
he cannot ald you, request pgsistance from
MCI on the Student Course Content Assia~

tance Request included with this coursec.

! 4 b, h} .
When you have finished all the i't\}dy
units, complete the course review lesaon,
Try to anawer each question without the aid of
referegce materials, However; if you do nbdt

_ know an ahswer, look it up, When you have

finished the lesson, take it to your training
offider or NCO for mailing to MCI, MCI

will grade it and send you & feedback sheet
listing course references for any queptldu_

that you miss. b X

IV, PREPARE FOR THE FINAL EXAM

How do you prepare for the final
exam? Follow these four steps:

{ \
Review ench study unit objective

" as a summary of what was taught in the

course,

Reread all portions of the fext
that vou found particularly difficult,

-

Review all the work unit questions,

(3

paving specinl attention to those you missed -

.y

kY

(1) ‘Study the cpurse review TN
lesson, paying particular attention '
to the questiona you missed,

If you folldw these simple
steps, you should do well on the:
final, GOOD LUCKI!

T A

o




- ' " STUDY UNIT 1 °

A

BASIC PRINCIPLES .

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL. IDENTIFY THE BASIC
PRINCIPLES!QF THE DIESEL ENGINE. IN ADDITION, YOU WILL IDENTIFY THE DIFFERENCES
BETWEEN GASOLINE 'AND DIESEL ENGINES. LASTLY, YOU WILL IDENTIFY THE BASIC

J - COMPONENTS, OF THE DIESEL ENGINE. ' '

Work Unit 1-1. BASIC PRINCIPLES OF THE DIESEL ENGINE‘ g
DESCRIBE THE OPERATION OF THE INTERNAL COMBUSTION ENGINE.

T LIST THE MAJOR ADVANTAGES OF THE DIESEL ENGINE,

LIST THE MAJOR DISADVANTAGES OF THE DIESEL ENGINE. h ‘ \*\ | o
The internal-combustion engine is an éngine_from which work is obtained by the bufning __-;
or combustion of fuel within the engine cylinders themselveés. A diesel engine is an /
internal-combustion engine which uses fuel.oil injected in a finely divided state into the 7
cylinder which contains air compréssed to a comparatively high pressure and temperature. The .

temperature of the air must be high enoagh to ignite the particles of thg injected fuel. No
other means are used for.ignitiom. ODue tq. the method of ignition:used, diesel engines are -
often called compression-ignition engines, ;.This differentiates them from other : _
" internal-combustion engines called-‘spark-ignition engines. Thege latter engines use gasoline .
as fuel and the mixture of "gasolihe and air is ‘ignited by an 3l§étr1c spark. : O

The main advantages are: high power per pound of engine-installation.weight
' particularly with present-day high-%peed,engfnes, high reliability in operation, low fue)
consumption per horsepower per hour; reduced fire hazard as compared with gasoline engines,
and high sustained torque. ' SR »

¢

There are some disadvantages to a diesel engine, the main one being cost. Because.of
the high pressures and temperatures at which a diesel works, .sturdier construction is .S
required; therefore, it costs more to build. Another disadvantage is that diesel engines are
much heavier than gasoline engines of the same power rating due to the sturdier ‘construction
required. Peak horsepower is reached at a lower speed. ; .
. . - : : .
. EXERCISE: * Answer the folfizing questions and check your responses against those listed at
the end of thisdstudy unit. : ' :

1. Describe the operation of the internal combustion engine.

’ ] I

A ..
| —— - ?f: — :
2. \List the major advantages of the diesel_endine\ _ ; T
CoN— ' + ‘
i
. . i - | L
A - ‘
' ; _
e. _ ) N
: - Y
3. List the major disadvantages of the diesel engine. o
. 'a- R ) ' V ]
. : : _ L
‘ ’x bc ' . . . .. u ; ) ":"l'
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piston, connecting rod, crankshaft, bearings, and fuel pump and nozzle. \

which is connected to the crankpins . . .

s . :
Work Unit 1-2. ENGINE CONSTRUCTION
TDENTIFY THE CO&STRUCTION dF THE DIESEL ENGINE.

. ’ N ) i
General. Diésel engines vary greatly in outside appearance, size, number of
cylinders, cylinder arrangement, and details of construction. However, they all have the same
K:#n‘basic parts which may .look different but perform the same functions. There are only a
e
aux i

-

ry few bagic main wirking parts to a diesél engings> The rest of the engine is composed of
liary parts, wh g‘hassist the maif working parts in their performance, and connecting
parts necessary to the working parts together. * Thé main working parts are: cylinder,

4

Naturally, there are a number of other parts without which an engine could not - Y
operate, but their functions are more or less subordinate and will be discussed later. -
_ o

Fiﬁure 1-1 is a schematic drawing of a typicai diesel engine. Its purpbse is to show

the maiw working parts and their relation to the other parts.

L] A R .
\ .
. . . “ .
N Le
. » s VT .
. - > ew ‘

< % ¥
" .
hi
. K
_~ o
¢
\ : . Legend '
‘ 1. Cylinder, 13, Crank cheek or crank web,
2. Cylinder liner, 14, Crsnkshaft, .
3. Cylinder head. 15, Engine frame,
4. Intake valve. : 16. Crankcase, -
’ 5. Exhaust valve, 17 Timing chain sprocket.
8. Fuel injectors. 18, Timing chain,
7. Piston, 19, Camshaft.
8. Piston rings, 20, Cams,
9. Wrist or piston pin. 21, Cam follower, * !
10, Connecting rod. . 22, Push rod.
11, Crankpin bearing. 23. Rockerarm, <. . .
& 12, Crankpin, L . 24. Valve spring. \ - -
]
¢l
-+
Fig 1-1. Schematic drawing of a diesel engine P 2

Cylinder. The heart of the’ epgine is the cylinder where the fuel is burned and the
power developed. The inside of the cylinder is formed by the cylinder liner or sleeve and the
cylinder head which seals one end of the cylinder and often, although not always, contains the
valves to admit fuel and air and-to eliminate the used gases. " The diameter of the liner is
known as the bore. * - .

Piston. The piston seals the other end of the working space of the cylinder and
transmits the power developed'inside of the cy]indﬁr by the burning of tﬁe;iyel to the outside . -
via the connecting rod and crankshaft. A gas tigh seal between-the piston”and the cylinder
liner.is produced by piston rings lubricated with engine oil. The distance that the piston
travels from one end of the cylinder to the other is known as the stroke. .

" Connecting rod. , The small end of the connecting rod or connectindleye is_attached to-
the piston by the wrist pin or piston pin located in the piston; the big end hasa begring "

16




Crankshaft. The crankshaft obtains its rotary motion from the piston through the 2
~connecting rod and crankpin located between the crank webs or crank cheeks. The work of the
piston is transmitted to the drive shaft. A flywheel of sufficient mass is fastened to the
crankshaft in order to reduce speed fluctuation by storing kinetic energy during the periods .
when power is developed and giving it back during the other periods. 0

- ' ’ .
) Camshaft, A camshaft is driven from the crankshaft by a chain drt#é'or by timing -
gears. Through cam followerss push rpds, and rocker arms, the intake and exhaust valves are
opened by cams on the camshaft. Valve springs serve to close the valves.
Crankcase. A crankcase is constructed to protect the cranfshaf%. bearings, connecting
‘rods, and reVated parts, to catch the oi) escaping from the bearings of the moving parts, and
to provide a reservoir for lubricating oil. If the crankcase is constructed to support the - gﬁﬁ
whole engine, it is called a bed plate.

Fuel pumps and nozzle. Fuel for diesel engines is delivered into the combustion space
of the cylinder by an injection system consisting of a pump, fuel line, dnd injector, also
called the injection or spray nozzle. : .

’

- EXERCISE: Answer the following questions and check ysur responses against those listed at’
.the end of this study ynit. - - '

| . 4 . -
1.. The heart of the diesel engine where the fuel is burned is known as the '
~a.. crankcase. N c. piston. -
b. cylinder. d., valve. .

2. The crankshaft obtains its rotary motion from the piston through the

4. intake valve. c. timing chain.
b. exhaust valve. d. cognecting.rod and crankpin.
3. The camshaft is driven from the : L .by'n chain drive of}timing chain.
Y [
a. fuel pump . c. crankshaft
b. piston J d. cylinder

4. The part that transmits the power from the burning fuel to the outside via the
connecting rod is the

a. piston. . - c. camshaft. .
b. valve. . d. cylinder. }
5. The section of the engine used to keep the coﬁnecting.rod and the crankshaft well
lubricated is the [ .
) . \
a. cylinder. . ( C. crankcase.
- b. 1liner. d. crankpin..

6. Fuel is deliyered to the combustion space by an injection system consisting of a
fuel line, injectors or nozzles, and the

' )

a. camshaft. €. crankshaft.
b. connecting rod. -. . d. fuel pump. -
7. The big end of the ' has a bearing which is connected to the
crankpin. ' : .
o ' a. craﬁkshaft ‘c. camshaft

b. §onnecting rod d. piston
Work Unit 1-3. ENGINE CLASSES. '
IDENTIFY THE FIVE DIESEL ENGINE CLASSES
Diesel engines may be divided into five classes using diffefent bases for the

division. These five classes are the: operating cycle, cylihder arrangement, piston action,
method of fuel injection, and speed. . b o 9’ oo )
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_ . Operating cycles, Diesel- engines can be divided into two groups based on. the number ’
of piston strokes per cycle, in (1) four-stroke-cycle, or, for—short, four-stroke engines,-and
(2) two-stroke-cycle, or two-stroke engines. )

Cy1indert arr angement

.

. . ‘ - : 1]
Cylinders-in-line. This {s the simplest arrangement with a'l'l'cy'l?nders parallel, in .

\ Hrie, as shown in figure 1-2. This construction is used for engines having up to 10 cylinders.

¢ -
.

-~

k)

Fig 1-2. 1In-line engine. _ AN
. . ) . N
V-arrangement. If an engine has more than 8 cylinders, it becomes diffiqult th make a
sufficiently rigid frame and crankshaft with an in-1ine arrangement.. The . _
V-arrangement® (fig 1-3a), with two connecting rods attached to each crankpin,-permits )
reducing the ‘engine length by one-half, thus making it much more rigid with a stiff
crankshaft. This is a common arrangement for engines with 8 to 16 cylinders.
Cylinders lying in one plane are called a bank. The angle between the banks may vary
from 300 to 1200, the most common angle being betwden-40° and,750. C

P .
. w 4
) . .
. -
L) ., -
N

s Fig 1-3. Vee-type engine, ~ A

Flat engine. The flat engine (fig 1-3b) is similar to a V-éngine with an angle of
etween the banks., This arrangement is used mostly for trucks and buses.

_ Mul tfp'le-el(gine units. In order to increase the engine power without increasing its
: - bore and stroke, two or four complete engines, baving six or eight cylinders each, are
. combined in one unit by connecting each ¢ngine to the main drive shaft 5 (fig 1-4a and
* 1-4b), by means of clutches and gears or clutches and roller.chains. Figure 1-4a
shows a twin-engine and figure 1-4b shows a quadruple-engine or quad.

——
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' Fig. 1-4. _Mulpiple-unit engines.

N . o R b
Vertical-shaft engines. igreCent development is an engine with four connecting rods
attached to one crankpin (fig 1-5). The four cylinders are all in one horizontal
plane, the crankshaft thus being vertical. Four banks located one on top of the other
and using one crankshaft with four cranks form a compact 16- cylinder enq1ne under the

-

name of the pancage engine. Y
. . 4 N
= S ! 3
v ) ’
® “ - .
. . .
W €
H
Ty - Fig ,1-5. Topj,iew of pancake engine. ¥ )
’ Piston action - . ' ' . o -

e

Single agting engines use only one end of the cylinder and one face of the pistop
for the development of power. Nearly all diesel engines are single- acting i T
Doub]e-acting engines ‘use both ends of the cylinder and both faces of the piston
¢ for the development of power. Oouble-acting engines are built only in large and
comparatively low- speed units, _%
.4'-_‘ » . : ,,-J - -
.Opposed-piston engines are engines having two pistons per cylinder driving two
crankshafts. Thig design presents many advantages from the. viewpoin!rof
combustion of fuel, engine maintenance, and accessibility of all parts except the
- lower crankshaft, -

¢ o

Fuel injection.* Diesel engihe$ are divided into air- inJection engines andbfolid or ”ﬂ
.mechanical-injection engines. The meaning of these terms and the differences between these
two types are -diiscussed in Study Unit 3. Therefore, at‘his time, ne need only menti0n that
air-injection enhines are gradually disap#ring _

. Speed. A1l diesel engi“vs can be Hivided into three ciasses in relation to speed; -
low-speed, medium-speed, and-high-speed. The present trend is away from low- and even
" medium-speed engines and toward-increasingly higher speed engihes

EXERCISE: Answer the following questions and check your responses against those listed at
the end of this study unit. : .

: ' o

1. Diesel engines can be divided into two groups based pn the number —_ "1'ﬁi

of , per cycle. - L ) L e
. . ' . . ..!ﬂ:.-_\‘.‘

.a. valves: c. piston strokes_

b. . injectfons . * : d. turns of crankshaft _Ir

1
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2. The simplest arrangément of having all ¢ylinders parallel {is known as //'{;\f\ '

- .. a, tn-line, .Y LR c. flat—pngine.
S b. .vertical-shaft. d. pancake.
‘ i ~ - o .
' 3. In order to increase”the engine power without increasing its bore and stroke .
a(n) __* # engine is used. o
j\ v
a. in-line c. multiple
b. vee-type \ d. pancake
4. Engines gsdng only one end of the cylinder and one face of the piston are said to _
h be ) ’ ° ' ' . ) :
a. double-acting. ' c. stationary.
b. singlé-acting. . d. low-speed.

5. 'Bi@sel engines' fuel s;stems‘are divided inte air'injéction'or

a. solid injection. c. mechanical injections
Bt liquid injection. . d. hydraulic injection.”

* . A11 diesel engines can be divided into three classes for speed. se claises are

a. 1st, 2nd, and 3rd. v
b. low, medium, &nd high. o
_c. low, even;: and higher, . \
A d. i{n-line, vee, and pancake. f (/,/<’ ,
" 7. Tne five classes of diesel enginés are operating cycle, speed, fuel injection,
cylinder arrangement, and - .. ' o '
1) “, : . r -

a. weight, . - c. alinement of valves.
b. piston action. . d. four-stroke.

T

Work Unit 1-4. ENGINE MEASUREMENTS - -
LOENTIFY BORE AND STROKE: .

" [DENTIFY PISTON DISPLACEMENT. L . BN @

] . . - T 3

Lo

' [DENTI%Y VACUUM IN THE CYEINDER.

IDENRIFY VOLUMETRIC EFQICIENCY.e\ ", . 7 e
Bore and stroke. The size of an engine cylinder is usually indicated in terms of bore
_ and stroke (fig 1-6). Bore is the-diameter of the cylinder. Stroke. is the distance the® .
piston moves in the cylinder or the distance between top dead center and bottom dead center. .
When reference is made to these two measarements, the bore is always given first. For -
example, a 4 x 4 cylinder means that the cylinder bore, or diameter, is:4 inches and the B _
length of the stroke is 4 inches. S » e

L]

: . ) .. : 4 <
Piston displacement. Piston displacement is the volume of space that the pjston
displaces as it moves from bottom dead center to top dead center, The volume is figured by
multiplying{}h& length of stroke by the area of 'a circle having the diameter of the gglinder

bore. Thus,/a 4-inch djameter circle has an.area of 12,566 square inches, and, therefore,

this times 4. inches (length of stroke) equals 50.264 cubic inches, the piston displacement or

the number of cubic inches the piston displaces as it moves from bottom dead center to top S
dead center. : ’ : : oL

Vacuum in the cylinder. -When the piston starts to move downward in the c¢ylinder on
the intake stroke, it produces a vacuum in the cylinder. Lf both the intake and exhaust
valves are closed, then no substance could enter to fil1 this vacuum. The cylinder would
. remain empty. However, at the same time that the piston starts to move down, the intake valve
is opened. < Now atmospheric pressure pushes air past the intake valve and into the cylinder.
The cyl;nder, therefore, becomes filled with air {or with fuel-air mixture in gasoline N
engines). ' ’ '
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Fig. 1-6. Bore and stroke of an engine cylinder. ' ‘T\

Atmospheric pressure. The miles and milei of air extending.above pres®es downward or
exerts pressure. Ordinarily, this pressure is not noticed because we are accustomed to it. .
[f the air was removed from & container and the container were opened, this, pressure would 5 ,
push air back into the container. .This might be jcompared to what happens when an empty 22§i1@ :
is held under water and the cork is removed. Thé pressure of the water pushes water inte<the
bottle. The higher we go into the air, the less pressure is found. The reason for this
that as.we ascend there is le$s air aboye us;>we climb towird the top of the atmosphege. This -
means there is less air to press down on us and, therefore, the pressure is less.” Six miles _
above the earth, for example, the pressure is%about 4.4 psi. Returning to .earth, the air®, : ;
pressure. increases. The nearer we hpproach earth or the bottom of the 2Fean of air, the. - :
greater the pressure of airx At sea level, this pressure is about™14.7 ps¥. u/‘

] LI

Volumetric éfficiency. Although the atmosphere exerts considerable pﬁbssure and

rapidly forces air into the cylixdeﬁ-on the intake stroke, it does take time for the air to 'y
flow through the intake system and past the intake valve.. If given enough tjme, enough air
will flow into the cylinder to "fill it up." However, the air is given very ]ittlet!lhe to do ?

this. For example, when the engine is running ay 1,200 rpm, the intake stroke lasts.only

0.025 second. In this very brief period, all the ai# that could enter does not have time to «

flow into the cylinder. The intake stroke dI too quickly. Nevertheless, this factor has - : M
~’ been taken into consideration in designing/the engine so that. good operation will result even = . |

at high engine speed. . ' ’ .

Measurting volumetric efficiency. The measure of the amount of fuel-air mixture

that actually enters the ¢cylinder is referred to in terms of vodumetric '

efficienty. Volumetric e ficidﬁcy is the ratio between’ the amoynt of fuel-air o
mixture that actually entégs the cylinder and the amount, that could enter under, - \
. ideal conditions. The grea the volumetric efficiency,the greater Qhe ount "~ '7

\ . . of fug-a/ir mixture efftering the~cylindek‘;';and the greater thg amount of* 1-air

. : mixtur®, the more power is produced fromithe engine cylinder?! At low speeds, more oL
S Y- fuel-air‘gixture can get into the cylindé@r, and the power ®produced during the .

A\ Yo, _power stroke is greater. Volumetric efficiency is high, but at h{gh speeds, the =

shorter time taken by the intake stroke reduces the amount of fuel-air mixtune .\\;/‘;);‘}

) entering the cylinder. Volumetric efficiency, then {s lgwer. In-addition,Gthe air. :

‘~ s = - is heated as it passes thrqugh hotjmanifolds on its waySto the tylinder;-and\it “ T .

B expands. This further reduces thelamount of fuel-air mixture emtering the o _y; AR
- cylinder and further reduces yolumexric efficiency. . : .

s
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EXERCISE :

1

1.

z

*, , . _ _ ' ' .
Increasing volumetric efficiency. Volumetric efficiency is* higher at low engine
speed because more fuel-alr mixture gets into the cylinder. Volumdtric efficiency
can also be improved by use of a blower or air-compressing device. On gasoline
engines, this device“is called 3 supercharger. It raises the air pressure abgve
atmospheric pressure so that the air {s pdshed harder on its way into the
cylinder, The harder push, or higher pressure insures ‘that more ‘air will enter
the cylinder, In a supercharged gngine, the volumetric efficiency can run well

over 100 percent. Since 100 percent efficiency means that the pressure inside the

cylinder equals atmospheric pressure, a volumetric efficiency of more than 100
percent means theipressure inside the cylinder would be-greater than atmospheric
pressure at the Bnd af theg intake- stroke.-This increased volumetric efficiency
increases engine power output. A superc Er is very important on ajrplane
engines because the lowered air pressure (about 4.4 psi at a height of 6 miles)
must be greatly increased-if engine power output is to be maintained at high
altitudes. Also, on 2-stroke-cycle engines, some form of device is required to
increase the pressure of the ingding fuel-air mixtune

- “"
_Answer the following questions and ch@ your responses against those listed at

the end of this study unit.

~
v

Bore is the size of the

g. end of the piston. c. dtameter of the cylinder.
stroke. s d. ' distance the ‘t‘on moves. ,
Stroke is the J ;' , - ‘

s S . .
a. diameter of the cylinder, S .
'b. .distance -bétween TDC and BOC. o .
c. length of the ptston rod. ) ' R X
.8 dijt nce between the crank and TOC. _ / V.
ume of space that ‘the piston displaces from BDC to TOC is called
. a4 !
stroke. ) * ¢. bore. i 2
“vacaum in‘the cylinder. o d, Bﬁston displacement. -
P »®

4, he piston ‘starts.to move downward in the cylinder on the 1ntake stroke, it
: produ es _ _' . Y v
" a. *‘pﬂeton displacement. ' " ¢, vacuum in the cylinder. .
- b. bore and stroke. ~ d. 1gn1t10n of fuel. ‘
5. At lower speegs, the volu@gttic effnclency 1s i
X, - .
a. higher. ~ . ' c. low. ' //’" ' ‘
, b: not changed. . ' , d. f1uctuat1ng. v
. 6. Vo’hTetric efficiency can be incregsed by using a
. S R N
. a: larger engine. ) c. blower. _ | 4
b. smaller epgine.. d. heavier-pis‘on. : A
Work Unit 1-5. ENGINE OUTPUT | _— | N

-]

\

' pestnlas ENERGY. T ‘ | ;;).ﬂ

. DEFINE POWER. ron e _ \
IDENTIFY THE DYNAMOMETER. Co e - -~
'IDENTIFY TORQUE EFFECT. - |
IDENTIFY TORQUE-HORSEPONER ~SPEED RELATIONSHIP. - | C .

: 7y :

DEF INE WORK. -




. Engines vary in size and output. To dompare engines ,'compare not only their ‘size, ~:\~
but also the work they are capable of doing. These functions are explained below. L

) Work. MWgrk is the movement of a body againstian opposing: force. When a weight is
lifted from the ground, work is done on the weight. It is moved upward against the force of
"gravity. When a tank pushes over a tree, it does work on the tree a4 it forces 1& to the -
ground. If a 1-pound weight is 1ifted one foot, one foot-pound of woyk is done.

Enerqy. Energy is the ability to do work.\'As,the speed a tank is increased, _
the energy of movement of the tank increases. It can -thereby knock over\ a tree more easily. ,
The higher a weight is 1ifted from the ground, the_more energy. is stored, in the weight. Then,
when it falls, it will strike the ground’ harder. that is, it will do more work on the ground.
Suppose a stake is being driven in the ground! The greater the distance the weight falls, the .
mpre work it does on the stake and the farther it drives the stake into the ground. ' "
: Power. Power is the rate of work. It takes more power to work quickly than to
work slowly. Engines are rated in terms of the amount.of work they can do per minute. .A
< large engine that can do more work per minute is more powerful than a small ‘engine which
cannot work as hard. The work capacity of engines is measured in horsepower. A horsepower -is
a definite amqﬁhg of power. Actually, it is,the amount of power that an averfge horse was _
found to generate when working hard. The tests measuring horsepower weré made many years ago
at the time steam engines were being developed. It was found that an average horse could pull
* a weight of 200 pounds a distance of 165 feet in 1 minute. The amount-of wqQrk involved here

is 33,000 foot-pounds (165 times 200). If 100 pounds were lifted 330 feet, or if 330 pounds o _ )
were 3 ifted 100 feetg the amount of work would be the same, 33,000 foot-pounds. When this
amour®t of work is-done in 1 minute, then 1 horsepower is required. If it tibk 2 minutes to do 3

is amount of work, then 16,500 foot-pounds per minute, or 1/2 hp, would be required. Or if
3 ,000 foot-pounds of work were done in 1/2 minute, then 66 000 foot-pounds per minhute, or 2
hp, would be required. _ _ . _

Pron brake. A prony brake may be used to Eeasure the actual housepewer that .an
engine can deliveg. This device usually makes use of a serigs of wooden blocks fitted around
a special flywheel that is driven by the engine (fig,b-7). A tighténing device,is arranged so -
the blools can be t{ghtened on the flywheel. In addition, an arm is attached to this
tightening device and one end of the arm rests on a scale. .1In operation, the wooden blocks

\ are tighténed on the flywheel. This loads up the engine and works it harder. Also, the
ressure‘on the blocks tends to cause the arm to turn so that force is exerted on the sca/es
gth of the arm times thé force exerted on the scales gives the gng1ne torque in . *

pou:’eet The results of the prony b&e test can be converted into brake horsepower by

USI g this\formula;L \ .

Bhp = 2!!12%
33,00 » B
» ' "
whe%e 1 is length of the arm 1n ,feet, n is the spead in rpm, and w i the load in pounds on

the scale. For example, suppose the arm is 3 feet long, the load on he scale is 50 poundsn
and theespeed is 1,000- ‘rpm. . Substituting in the formula gives:

4 .
Bhp = 2 X 3.1416.x 3 x 1,000 x 50 = 28, 56 brake horsepower . .
v 33,000 ' 4
| : ™ o
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i Fig. 1-7. Simplified drawing of a prony brake. .
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Dynamo meter. The dynamometer is essentially.a dynamo of a special type which can
be driven by an engine. This special dynamo ¢an absorb all the power the.engine can produce

and indicates this power on dials or gages. Although the dynamometer is more complicated than

a prohy brake, it is generally considered to be more flexible-and accurate. In addition to-

measuring engine power output, the dgnamometer can also be used to drive the engine for

purposes of,.measuring the frictaon b’nthe engine itself or of the various accessories.
-Torque effect. Torque is the effect which rotates or tends to rotate a body.

When the 1id .on a Jar 1s loosened, a twisting force or torque is applied to it (fig 1-8).

Torque is measured in pound-feet (not to be confused with work’ which i§.measured in

foet-pounds). For instance, suppose a wrench is used to tighten a nut on a stud (fig 1-9).

If the handle pf the wrench were 1-foot long and a 10-pound force is put on its end, 10

- pound-feet of-torqye would be applied on the nut. If the'handle were 2 feet long and a

10-pound forc¥ is put on its end, 20 pound-feet of torque would be applied. Torque can b®
convented into work with the formula: ft-1b (work) =2 n x 1b-ft (torque) = 6.2832 n x
1b-ft where n is the speed in revolutions per migute. For example, if an éngine were checked
on a prony brake and found to be delivering 100 pound-feet~torque at 1,000 rpm, then it would.
be doing 682,320 foot-pounds of work every minute. This can be converted into horsepower by
dividing 1t/ry 33,000. An illustration of a torque wrench in use is shown in figure 1-10.

B A =

. -

. Fig 1-8. Applying twisting efﬂ‘{:, or torque, on can lid.

18 1d
y

i

Fig 1-9. Applying torgue with a wrench on a nut

The engine‘exerts torque through gears and shafts connected to the wheels s0 tha e wheels
turn and the vehicle moves. The amount of torque that an engine produces varies With engine
speed (fig 1-11). Note that torque increases-and then, at an intermediate speed, falls off.
The reason for this variation is that, with increasing speed, the engine is turning faster and
is thus capabTe of supplying a greater twisting effort or torque. - Howéver, with further speed
increases, volumetric efficiency falls off. Less fuel-air mixture gets to the cylinders with
each intake stroke and thus the powey strokes are not as powerful; torque falls off. . -

4
]
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Fig 1-11. Relationship between torque and speed.

Torque-horsepower—gpeed (rpm) relatioship i

. A
- Figure 1-12 shows the comparison between thé/ﬁorsepower and torque of an engine. R
Torque increases with speed (up to rated speed) as shown in figure 1-11. Horsepower also
_shows a change with speed, and this is more marked than with torque. Horsepower is directly
 "rqeYated to both, torque and speed. When both torque and speed are on the increase, as -in the
" speed range of 1,200 to 1,600 rpm, then horsepower goes up shgeply. When torque reaches . . 3
maximum and then begifts to taper off, the horsepower curve starts to drop. Finally, in the _
higher speed ranges when torque falls off sharply, korsepower also falls off. The horsepower
/ ~ formula Hp = 2 1nw given above shows that horsepower depends on both speed and torque, sinee
torque equals w and is n is speed. §ubst1tut1ng the formula and dividing 21 (or 6.2832) into
33,000 gives: ‘
' Hp = torque x rpm
LA g . 5,252 -

9

N
4A i‘ -.5‘- hd
’ d N 0 N M .
. - i

which showsrpge\relationéhip between horsepower, torque, and speed more directly.

A rated speed is indicated in figures 1-11 and 1-12. This is the speed at which
the governor is usually set-in -military vehicles. The rated speed is selected because, at
higher engine speeds, wear on the engine increases rapidly and a disproportignate amount of.
fuel is used. Overspeeding or driving the engine above rated speed, only allows a slight
increase of horsepower. o ' )
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Fig l—lz. ReTetionship between torque and harsepower.. - s

Gross and net horsepower. The .gross horsepower of an engine is the amount of

power the engine dellvers before any accessories have been attached.. Net horsepower is the

power available at the flywheel after all accessories afe attached. ¢
lndicated horsepower Indlcated horsepower is the horsepower actually devéloped-

inside the engine cyljndens. It is call5¢ "indicated" horsepower pecause an indicating device

is required to measure this horsepower. his device measures the'gressures developed in the

ine cylinders and, by a series of steps, translates this data into indicated horsepower.
ndicated horsepower is always” conslderably greater’ than horsepower.delivered by the engine -
because power is lost from the engine in a number of ways {friction, heat- loss etc.). R

,SAE ‘horsepower. The Soclety of Automot1ve Engineers (SAE) developed a simp)ified
method of caT_ulat1ng horsepower based on engine dimensions. This rating_was used only for

-commercial licensing of vehicles. This formula is: _ i o P
Hp = 2. . - o é T

where D is the cylinder diameter in inches and ‘N is the number of cylinders.

EXERCISE:‘ Answer the following questions and check your responses against those llsted at
the end of this study - unlt

Y

1. Work is deflned as

-

i

2. Enerdy is described as when the speed of a tank is increased

L5 _ . _ N d
TS ¥
3. Power is defined as B i
_ : : - -
4, If a 10-pound welght is llfted 6 feet 1n the a1r, then . . ¥
of work. is done. : - "
. LA 30, “c. .'60
'b.. 10, . : : d. 6 » _
5. The ltem that is essentially a dynamo of a special type which can be drlven by an -: ) 'ﬂ--%;
engine is called a L . o
. a. - prony brake. B .'.c. torque effect. ‘ ' o SR fil“ﬁ
b. dynamometer. - d. “horsepower. ' e L
6. The effect that rotates or tends to rotate a body ts called : 5 effect.'lf'i’L' ._?
: a , I " T g
a. dynamlc : _ ¢c. twist , S ' L D

b. revolving . ~d. torque - ¢
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a. dynamic torque effect. .o E
. b.  torque-horsepqwer-speederelationship. - ) . f
c.. tarqlie-speed relationship.: - ' . R
“q. § torque and horsepower relatianship. “ ' ' R
n Work Unit} 146, ENGINE EFFICIENCY  © | R T
? ) ? . . . “ .
[DENTIFY ENGINE EFFICIENCY. .
: \ The termn effic1ency ‘means the relationship between résults obtained and the effoirt -
required to obtain those results, It is expressed as: efficiency = output. Suppose, fpr L
: ) foput ¢ : '

L " example, a set of pulleys were used.to raise a 270 -pound weight 2. feet and this required a _
100-potind pull for 6 feet (fig.1-13). 1t would take 600 foot-pounds to get oq% 540 -
foot—pounds. The ratio would -be 540 or'0.90. ln other words, the .efficiency iof the pulleys .

600 - > ' B
would be 90 percent. There would be a loss of 10 perCent of theé work put’in. The system of o
_pulleys shows a loss (or is only 90 percent efficient) because of friction. No machine ot , i
engine is 100 percent efficient; all lose energy as explained below. - _ _gf f{
] v - | | - ~:
| ’ - C 13
: . ' R
» ’ 4 ‘ ) {5
. . -~ . wf . ‘ji
: ‘ 3 i
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‘Fig 1413, System ‘of pulleys 1n§wh1ch 600 foot~pounds must be expended to realize 540
_ . foot-pounds of work..‘-, : » i ;
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Friction loss. Friction is a source of enérgy loss in any mechanical system. If

a heavy plank s dragged across a rough floor, it offers some resistanqg to the movement.
This resistance to movement would be less if the plank and floor were polished smooth.
Resistance would be still less if the plank floated in water. This resistance to movement is
called friction. Friction can be visualized as being caused by tiny irregularities, or high
points, in the surfaces of the moving objects. These catch on each other and particles are
. torn off. All of these require force to overcome. If the plank and floor are made smooth,
then the projecting points are much smaller and have less tendency to catch and tear off.
Therefore, less force is requiged to pull the plank across the flgor, and, if the plank is
flo#ted in water, the surfaces can _no longer rub against each other. There 1s, however,. still
"some friction in the liquid. In the engine, friction occurs at all moving parts, even though
the parts are, in effect, floating in films of oil.

Mechanical efficiency. The mechanical efficiency of the engine is the
relationship between the power developed in the engine cylinders (indicated horsepower) and
the power delivered by the enginé (brake horsepower). Internal engine losses from friction
and other factors always prevent brake horsepower from equaling indicated horsepower. A
typical engine, for example, might develop 200 indicated horsepower as against an actual brake.

horsepower of 180. This engine would have a mechanical efficiency of: 3
. ) . Brake horSepowen' 180 . . ,
= IndTcated horsepower * 200 * 90 perceqt - i
.. ‘Thermal efficiency. The definition of thermal efficiency is the relatjonship

between the heat energy in the fuel and the engine power output (thermal means of or
pertaining to heat). TFhe term "thermal ‘efficiency” relates to the heat energy of jthe fuel and
the work output. The heat energy is the amount of heat the fuel will produce as it burns.
Much of thig heat is lost to the cylinder walls and cooling system. Still mo is lost in the
.. hot exhaust gases as they pass out of the cylinder. This heat thaty is 10st cannot do anything
to cause the engine to produce power. Therefore, only a relatively small part of the heat jn
the burning fuel can .contribute anything toward pushing down on the pistons and thereby
causing the engine to produce power. In actual practice because of the great amount of heat
lost to the cooling water and lubricating oil and in the exhaust gases, thermal efficiency may:
be as Tow as Z0 percent. In other words, as much as 80°percent of the energy in fuel “is

lost. However, the remaining 20 percent is sufficient to operate the engine normally.
Practical limitations prevent thermal efficiencies of much above 25 percent. .

The overall thermal efficiency of an engine is the relationship between the fuel
input and the power output. This relationship is commonly expressed, in heat units called
British thermal units (Btu). One Btu is equal to 778 ft-1bs of work} therefore, the
horsepower:output of an engine can be readily converted into Btu per unit of time. The 3ource
" of power in an engine is fuel, and the Btu content of regularly used fuels has been determined
by laboratory analysis

) . Thermal efficiency = _power: ontput in Btu
- fuel Tnput in Btu

Example: An enfjine.delivers 85 hhp for a period of 1 hour and in that time
. consumes 50 pounds (approx 7 1/2 gals) of fuel., Assuming that the fuel
has a value of 18,800 Btu per 1b, we find the thermal efficiency of- the

engine:

Power delivered by the engine is 85 bhp for 1 hour, or 85 hp-houns.

1 hp-hour =

33,000 ft-1b per min x~60 min
778 ft-1b per Btu

\ oL
2,545 Btu "

" 85 Bhp x 2, 545 Btu = 216,325 Btu output’ g
*50 1b x 18,800 Btp‘per b = 949,000 Btu input per hour_'

Overa)) thermal efficiency = 216,325
_ 940,000

= (0,230, or 23 percent ]

. - . » .
o . 4 ) ) . ‘
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EXERCISE:  Answer the following questions ‘'and check your responses against those listed at
the gnd of this study unit. , : - .

»
N \

1. The relationship between results obtained and the effort requfred to obtain those
“rasults is known as engine - . . : .

a. operation. ‘ c. efficigncy.

b. accuracy. d. friction.
N2, Three ways that a machineiwil) lose efficiency ére:~

a. ¢ . . o AR,

b . ]

C.

Work Unit 1-7. THE MAIN STATIONARY PARTS OF THE DIESEL ENGINE
IDENTIFY THE FUNCTION OF THE MAIN STATIONARY PARTS OF THE DIESEL ENGME.
. DESCRIBE THE CYLINDER HEADS. " I -

Gené?al. The main stationary parts of a diesel engine are designed to maintain
the moving or working parts in their proper relative positions, so that the gas pressure
produced by the combustion is effectively used to push the piston and rotate the crankshaft.
The main requirement is strength, next comes low weight, and finally simplicity of design.
Diese) engines that were built a few years ago were several times-as heavy per horsepower
output as the more modern engines. The reduction in weight in recent years has been possible
due partly to the improvement in faterials which provides greater strength per uniy area, but
mostly due to improved design and methods of calculation and manufacture which permit-the use o
of lighter sections. T Lo . ‘

-y

-

' Engine frame. The frame connects the top of the cylinder to the supports for the
crankshaft. In the earlder designs (at present used only in large, low-speed engines), the.
frame consisted of a separate cylinder block, crankcase, and bed plate with an oil pan.or sump
(fig 1-14). The main bearings, suppo-ting the crankshaft, were held in the crankcase, while
the pistons operated Jjn the cylinder block above it. The gas-pressure 103d was taken up by = _
tie bolts running from top to bottom. Cylinder block, crankcase, and bed plate were made of .- .
gray-iPon cagtings. . _ . ‘ . : // :

&
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- Fig 1-14. Engine frame with tie bolts. . .

Modern designs of high-power output engines have frames of welded steel with -
plates Ybcated at places where the loads occur (fig 1-15). The customary arrangement combines - = .
the cylinder block and oil pan with the main bearing supports;. aTthough a separate crankcase .
- ction is sometimes used.| Cylinder blocks and crankcases of. small high-speed engines are
stil] made of cast iron. BN ' s > ‘
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The crinkcase is often integral with the cylinder block. In the models where it
fs a separate section, it generally iconsists of a plain rectangular frame with cross-ribbing
~to provide rigidity. Occasfonally, the main bearings are held by a cross-ribbing in the
crankcase, but more.often they are hung from the bottom of the cylinder block. Acceéss door$
are provided at every cylinder to permit assembly and observation of the bearings.
Cylinders and cylinder liners. The cylinders were separate units on some older
models, but-in modern engines they are secured within the block which also gontains passages
for cooling water, lubricating oil to the bearings, and intake air. Each é;]inder is secured
in a separate compartment with crossbracing between the compartments. :

_ ~ Fig 1-15. Sectional sketch of welded frame. p
Dry liner. The dry liner is a simpl® sleeve with thin walls 1nserted in the

Cylinder block (fig 1-16). The cooling water moves about the outer cylinder and

does not touch the liner. The liner is inserted in the cylinder with a 1ight '
press fit. MWhen worn or scored,’ it can easily be removed and replaced by a new

liner. ¢ ! ' ' v F

LINER CYLINDIA ‘ .
. BLOCK .

v
%]

X . '
e Fig 1-16. Dry liner.
er surface comes into direct

The liner is normally sealed against .
the flange or:a machined fit, and -

Wet liner. The wet liner is a sleeve whose
contact with the Tooling water (fig 1-17).

water. leakage at the tog end by a gasket un
by Tubber or neoprene rings around the lower eNd. The liner is free to expand or .
contract lengthwise. The thickness of ‘the wall s such as to take the full ,
working pressure of the gases. . ‘ o

-t

<




e ' “f! Teormoe e - N P L ._ SRR

Y

Het ]ackgtéd 11n5r. The Yiner has its own -cast-on or permanently shrunk-on iacket
aroun e outside for the circulating cooling water (gig 1-18). The water is
admitted into the bottom of the Jaahet and leaves through the top. This type -is
used most)ly in two-stroke engines where it is difficult to obtain a watertight -
Seal around the ports when using a wet liner because of the expansion of the liner
due to heat ‘during engine operation

a

The cylinder Viner mu;& be made of material which wil) enable the piston-

and rings to move up and down with minimum friction and will give the least wear to both the
liner and the piston parts., Cast iron is the usual material, although stee) sleeves are
somet imes used. A recent development has been a coating of 0 003- to 0,006- in

electro-deposited porqus chromium. The chromium resists wear, while the pores in the plating'

hold lubricating oil and maintain a lubrication film necessary to reduce friction and scoring.

-

' t
£
v T - Fig 1-17. Wet liner.
L 3
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Fig. 1-18 ‘Water jacketed 1iner '
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Cylinder heads. The cylinder head seals the combustion chamber and, th most
engines, contains the valves and passa?es ¥or intake and exhaust gases, the fuel injection
nozzle, the air starting and relief valves, and passages for the cooling water from the .
cylinder jacket as shown in figure 1-18. It 15 a casting alloy iron, seldom made of
aluminum. Because of the heat passing through tWe cylinder head from the combustion chamber
and the exhaust passages, it has to be water-cooled. Such cooling prevents excessive .
temperatures which might crack it and which would interfere with the operation of the fuel
injection nozzle and all other valves. The larger-bore engines have individual heads for each
cylinder, while small-bore engines may have a single head covering all cylinders or pairs of
cylinders. : _ . N

: Other parts. In older designs and in very large, low-speed-diesel engines, the
maih and crankpin Eear!ngs consist of heavy cast-iron or cast-steel boxes with a thick, up to
one-half inch, babbitt lining. Each bearing must be hand-scraped to a running fit with its -
- journal. A1l modern diesél engines, regardless of size and speed, have precision bearings.
Precision bearings are separate from the saddles and connecting rods. They consist of
‘s relatively thin Steel, bronze, or brass-shells with a linin? of bearing metal which is
generally 1/32-inch or less in thickness. The bearing metal may be one of several types which
has proved satisfactory: lead-base babbitt, copper-lead, or cadmium-silver. Grooving is kept
to the minimum, and wedge-type lubrication is used to the fullest extent.

X Double-actihg diesel engines require a crosshead and crosshead guide. The purpose
of the crosshead guide is to take the side thrust coming from the"angularity of the congecting
rod. which otherwise would be taken by the cylinder liner. The bearing surface of the  ° .
cros?&ead guide is a.flat slipper, Bearing loads are low and, with proper lubrication,.an ™
ordinary babbitt usually suffices as a bearing surface, :

EXERCISE:  Answer the following questions and check your responses against those listed at
the end of this study unit. : - . .

3 1. The main stationary parts of the diesel engine ére designed to maintain the

R working parts or moving parts in . o o
v a. the crankcase. .
b b. lubricating oid.
c. proper relatjve positions, o
d. and out of the engine. _ ' V

|
2. 7Describe the cylinder head.

-, .
v
. KX J

Work Unit 1-8. THE MAIN MOVING PARTS OF THE“DIE_SEL ENGINE
- STATE THE MAIN FUNCTION-OF THE CRANKSHAFT. ‘ ,
STATE THE PURPOSE OF THE P_,IS'I.'ON.‘ | |
IDENTIFY THREE PURPOSES OF PISTON.RINGS. » . .
IDENTIFY THEHPlRJJRPOSE OF THE CONMECTING ROD. - C e

»

IDENTIFY THE FUNCTION OF THE CAMSHAFT. . -

: Crankshaft. The main function of the crankshaft is to transform th@ reciprocating &
motion of the pistons into rotary motipn. The forces actingssn a diesel engine crankshaft are
high becausé of the high peak gas loads and the inertia forces of the moving parts. The main
requirements are mechanical strength -and”lengthwise and torsional rigidity. The shafts have
relatively large diameters and are supported by main bearings between each pair of cranks as O
shown in figure 1-19. At present,.mOst-crankshafys'are forged, some from .open-hearth but the '
majority from high-strength alloy steels. However, advances in understanding the stress
distributions in diesel crankshafts are.changing the situation. It has been found that the ,
removal of metal at cecrtain sections will redistribute the stresses and result in a stronger L .
.shaft. Casting permits easier application of such improved shapes. As a result, . _ A
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high-strength cast-iron and, in some 'cases, cast-steel crankshafts are being used in geveral
modern diesel efjgines. Many forged steel shafts are surface-hardened by electrically heating
the surface alone and quenching it with sprays of water. Surfacing of the journals with a
harder metal, such as electro-deposited chromium which will take & smooth dense finish, is
being considered to reduce shaft wear and improve bearing conditions. The shafts are dyilled
through the crank webs to admit pressure lubrication from the main bearings to the crankpins
and wrist pins, In some cases, the oil is carried farther and is used for cooling the piston
crowns, g T

Fig 1-19. Crankshaft of a six-cylinder diesel endine. - »

~ Pistons. The purpose of the pistons.i$ to transmit the energy of cofibustion

-thwough the connecting rods to the crankshaft. Pistons of single-acting engines usually are ’

of the trunk-type. They must carry pressures varying from a slight vacuum to peak ‘pressures

of 1,000 to0.1,200 psi with the resulting fluctuation in temperaturé setting up expansion _
stresses. They have to withstand- high bearing and side~thrust loads from contact with the ‘
“cylinder -1iner, Often, they have .insufficient lubrication and have to resist wear on the .
outside cylindrical surface and in the ring grooves from the pressure and sliding action of
the "compression rings. .V - .

v ‘Pistons are usually cast becadse it is easier tq provide satisfactory ribbing on

the interior in a casting and stil) keep.the weight Tow. However, forged pistons are used

with some engines. Pistons of slow, heavy-duty engines, where strength is a more important

factor than weight, are made of cast-iron. They may be cooled by water or of1 circulatedy '
through baffles within the piston. Generally, they are cooled merely by air contact.and with
Jubricating oil sprayed from the connecting rod cap under the crown of the piston. Pistons of
ﬁigher speed engines have to be made as'1ight as possible because of the effect of the mass on

the bearing loads. For several years the tendency was to use-aluminum pistons. Recently thex;

trend has changed to pistons of cast-iron with very thin walls and coeled by lubricating oil =
circulated through the inside. The cast-iron has the advantage of having the same coefficient’ e
of expansion as the cylinder liner. This permits the use of smaller piston-togl%ger . : :
clearances when cold without the-danger of 3eizure when operating under a heavy Toad. Figure

1-20 shows a pistdh. of a single-acting two-stroke engine, and figure 1-21 the piston of an
opposed-piston two-stroke engine. ., N
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Fig 1-21. Piston of opposedipiston two-stroke engine.

Pistons for use in double -acting éngines are built up of several sections and are
closed at both ends because both-ends are used for combustion chambers. They are cooled by
oil entering.and leaving through the piston rod. '

. Wrist ins AN of the load developed in the cylinder passes through the wrist or
piston pin. Tt s the only connecting link between the piston and the connecting rod. Most
* wrist piston are supported at both ends by bronze bushings in the piston bosses and are
maintained in place by caps which are fitted to each side of the piston. The connecting rod
swings on a bronze bushing or needle bearing at the center of the pip. Such wrist pins are
known as full-floating pins. In some engines the wrist pins are locked in the piston at the
ends and are known as stationary pins. The disadvantage of this design is that al) swinging
movement is confined to the connecting rod bearing and there }s some ®anger of less uniform o
wear. A third type, a semi»floating pin, s supported at both ends by bronze shings in the _ 8
piston bosses and is clamped in the middle. in the connecting rod end. .)F K
< ‘ ‘ Nrist -pin bearings operate under rather severe conditions. In addition to the
great load from the. piston pressure, there is the handicap of less efficient Jubrication e‘_.
because the swinging motion does not help. to form an o011 fiIm as much as the rotary motion of
a journal. The wrist pin is made of a steel alloy of sufficient strength to carry the load

and myst have a fine-finish hardened surface to obtain good bearing qction » : \
Piston rings. At the top of the piston are several compression rings which serve _
three purposes: v ] v ¢ e |

- _ They sea) the space between the piston and the liner thus preventing the
o : high-pressure combustion gases, or the air charge during the COmpression

stroke, from escaping down the liner. -
| | They ransmit heat from the piston to the water-cooled cylinder liner.

' ) ' NThey‘j:Epunut‘pﬁrt of the fluctuations of the piston side thrust.
C\\ ‘ The oil-scraper or oil-control rings usually are located at the bottom end of the .
: piston, in some engines they are place above the wrist pin. Small engines use one; larger
engines use two or three oil-control rings to. a piston. Their purpose is to scrape off most
of the lubricating oi)-splashed upward by the crankshaft and connecting ‘rod, thus reducing the
. amount of oi) carried upward and burned in the combustion chamber. At the same time, they
* must allow sufficient oi) to be carried to the upper part of the liner during the upstroke, so

that theré wil}l be proper lubrication for the piston and the compression rings. Double-acting
~ pistons have no oil-scraper rings as no oil is splashed on the Viner. .

"Compression rings are made of gray cast-iron. Some types -have specia) facings,
such as a bronze insert, figure 1-22a, or ‘a treated surface, to facilitate seating-in to the
liner. To expedite the wearing in-or seating of the ring face, some rings have a:slight
angle, 1/2 to ) degree to the face, so that at first, the contact area is very small;, wear is
rather fast, and later decreases. g ) _ R _ .
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Fig 1-22. Compression piston rings.
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The type.qf compression ring most widely used has a.rectangular cross-section.
The diameter of the ring is slightly “larger than the cylinder bore, and part of the ring is
eut away to permit it to go into th® ' cylinder. The diffgrenée in diameters produces a
- pressure-agajnst the liner wall. The pressure of thd @pper rings is increased by the
dditional action of the gases. The combustion gases or compression air enter behind the ring
~through the vertical Qigarance which always exists between ‘a ring-and its ggoove and force the
.ring against the cylin®er liner. .

Sqpe engines, have compression rings with the bottom wall or both bottom and fop
walls beveled, making the ring thinner at the inside than on the outside diameter (fig 1-23).
The groove in the piston is machined to the same shape. "The gas pressure acting on the top
wall, due to the beveled bottom surfacg, produces an additional force p essing the ring
against the cylinder Wé11§and helps to seal it. On the other hdnd, at ehch reversal of the
.side thrust of the piston’y the ring sljdes-slightly’.into the groove, is pressed against the
upper groove wall, crushes the carbon which is deposited on,it, and keeps\the ring from )
sticking. Some engines use bi-metal rings, figuge 1-22b, in which the cast-iron wearing face
is brazed to a steel inner ring to obtain increaigd strength and ‘to reduce the probability of
ring fracture. ° s ' ' : ' . '
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_ Fig 1-23. Bevelled piston rings. S )

The o1l control rings have a narrow face so as to obtain a higher unit wall
pressure and are often undercut to give a scraping edge. Some engines use flexible rings
which follow the deyiations in the cylindér liner bore. In some designs the ring has one, in
others two narrow scraping edges, and the piston has rows of holes drilled-in it for draining -
the o1} through the bottom of the ring grooves oy, through the lands between the grooves or
both (figs 1-24a, b, and ¢). The oil scraped byjthe rigg back into its groove gnd stop the
scraping action. It is important that the.drainage froaithe piston grooves be conplete.
Inadequate drainage means faulty scraping, higher lubrid8ting oil consumption, and a darket:
color of the engine exhayst gases. Spring steel expanders are sometimes used behind the rings
to increase the wall pressure and improve the scraping attion.
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Fig 1-24. 011 contro) rings. N

. The gap ‘between tﬁz ends of the’compression rings when inserted cold in the T R

cylinder must be suffitiently large so that, when the ring expands with the full piston - A

temperature, the ends will not be pressed together and buckle the ring. .The way in which the ' iﬂ@éﬁ

' ends are cut varies. Most rings have the’ends cut square.‘figﬁrq 1-25a. A design which makes N

y “ gas blow-by more difficult has the ends cut at a 450 angle, figure 1-25b. There are, several T
M designs of step-seal rings, figures 1-25¢c and 1-25d. However, there {s 1ittlg gained by this
more complicated shape. 011 coptrol rings in two-stroke engines are 1ikely to catch the ring

ends in the ports over which the rings slide because of the ring flexibility. To prevent N

- -this, sometimes the ends are notched and a pin is installed in the piston groove to hold the B -

ring ends aldays in line with a bridge between the-ports. " AR
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y : | " Fig 1-26. Piston rings.

Connecting rods. The purpose of the connecting rod is to transfer the up and dow
P movement called reciprocating motion from the piston to-.the crankshaft. where it is ;
: . transformed into rotary motion. Connecting rods ysed on military gngines are mostly of the -
' type used in automobiles, figure 1-26a. They have an eye.at the small end for the piston pin
bearing, a long shank, and a big-end opening which is split to take the crankpin precision
bearing shells! The rods are forged of a high-strength alloy steel. 'Mos{_connecting rods are
rifle-drilled from the big end to the eye for ofl flow from the crankshafy to the piston pin

and, in some engines, to the piston crown to cool Jt. Very often the rod-shank is H-shaped ! ¢
for maximum strength with minimum weight. Types of rods include:-. (1) the normal shape (fig NS
1-26a) used with only one cylinder to a crankpin of two cylinders, offset to the rods can . 0

Kl S e

operate side-by-side; (2) fork-and-blade rods in V-type engines (fig 1-26b).in which the big
.gnd of on rod has the normal shape while the rod of the piston in the opposite bank is widened
and split into a fork shape straddling the first rod; (33 articulated connecting rods (fig

1-26c) in which gne rod, the master rod, is of the conventional shape except that it has a

projection off the shank with &n eye to which the rod for the piston ipn, the opposite bank, .

called the articulated or )ink-rod, {s attached. Finally, there is the rod type used on the -

pancake enginé in which the big and of the-rod consists of a short pad with the bearing metal ;
directly on the rod. Four such rods are located radially aroqu the outside of the pads to . .
hold all four against the crankpin. : " : - - SRR
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Fig 1- 26 Connecting rods.

v The connecti rod 1s connectedsto the piston by a piston pin. The pin passes
* (through bearing surfaces the piston and the connecting rod. The lower end of the -
conflecting rod is attached %o the crankpin. As. the piston moves up and down in th4 cylinder,.
.the upper end moves up and down but, because it 1is attached to the crankpin on the trankshaft,
it must alsp move. in a circl® with the crankpin. Each movement of the piston from top t
bottom is called a stroke. The piston takes two strokes as the crankshaft makes one complete
revolutién. an upstroke and a downstroke. When the piston is at the top of a stroke, it is
said to be at top dead center (TDC). When the piston is at the bottom of a-stroke, 1t is said
to be at bo}tdm dead center (BDC).Q These positions are ca]led rock positions.

Camshaft (fig 1-27). In some engines the camshaft is a straight round shaft and-
the cams are separate pjeces machined and keyed to the shaft. However, in most modern diesel

“engines the cams and the shaft are forged or cast in one piece. The function of the camshaft

is to control the operation of the engine valves and, in some cases, the fuel injectors. This
is usually accomplished through various 1ntermed1ate parts such as push rods, cam followers.

> and rotker arms. Y
/ | | SEG (R |
. Fig'1°27. Camshaft | "

The camshaft is driven from the engine crankshaft by various means. Figure 1-28
shows three different types of camshaft drives. Figure 1-28a shows a drive by a train of
straight spur or helica) gears. Figure 1-28b shows a drive by two pairs of helical or screw
gears and an intermedidte vertical shaft. Figure 1-28¢c shows a chain drive; (m) is the
camshaft, (g) is the camshaft sprocket, (d) is the crankshaft, and (p) is the crankshaft
sprocket
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o fig 1-28." Types of camshaft drives.
; EXERCISE:  Answer the following questions and check your responses against those listed at
ad the end of this study unit. $
J1. The matn function of the crankshq?t is to .

: | N O
( - « N '- ‘I Q.'

2. The purpose of the piston is to '
Nt

s — - - - - . ————— N - .‘ - — - M - Y s ?X:‘..a:
. 3. The threespurposes of pisbon rings are to ' ' '
- ' * a.’ seal the space, ,provide weight and force, and Spread the load. S .
b. seal the space, damp out fluctuations, and increasq vacuum. " :
c. seal the space, “transmit heat, and damp out fluctuations. o
d. increase vacuum, transmit heat, and spread the load, ‘ _ S
- i - ‘
\ 4. The purpose of the connecting rod is to o ,
. _ ; ' ¥ . ;
a. transmit the energy of combustion. -
b. transfer reciprocating-motion. ; - : -
c. transmit heat to the liner. w
d. balance out\the torque force. -
SRR . . :
- 5. The function of the camshaft is to 'ig |
<4 . .
. a. control the operation of the engine valves. ’
. s b. transmit-emergy from the piston. - Lo :
Y c. transfer energy to the final drives. . _ : , !

d. change reciprocating motion 1nto rotary motion.

-

Answers to Study Unit # Exercises
Work Unit 1-1, | S . ~

1. The internal combustion engine 1s an engine from which work is obtained by the

burning or combustion of fuel within the engine cylinders themselves.
Fuel ofl is injected into the cylinder and mixing occurs with air that is hot

-enough to fgnite the ‘mixture. |

N 2. a. High reliability in operation | - -
b. High power per pound of engine - ,
~ c. Low fuel consumption per horsepower per hour _
: d.’ h?w fire hazard . o .
i , e. gh sustained torque ‘ - N ' . ’ -
i .3 S Higher- cos* .r"‘n _
. ) _ . Peak horsegmwer reached at a lower speéd
- : £ . €. Heavier weWht per horsepower pound than spark-ignition engine
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Work Unft 1-2. - L
1. b. - |
d. _ . b) . -—

Lo,

S B WP -
e & s e -
-]

C. °
d. =
b, W | -

Work Unit 1-3.

. ¢

1. c.
2. a. &,
3. c.

4, b, :
5. a. and c. ’ : - .-
6. b. ' : :
7. b, : ’

Work Unit 1-4. Lo .

1. €,
2. b,

3. d.
4, c.
5. a. -
6. c.

Work Unit 1-5.

) » '
1. Work is defined as being the movement of a bedy against an opposing force.
2. the energy. of movement of the tank is increased.. - \
3. ‘the rate of work, X
4, c. - - _ -
5. b. ) ‘
6. d. - r
7. b. " -

Work Unit 1-6.

1. c.
. 2. Friction loss
‘Mechanical efficiency
Thermal efficiency

Work Unit 1-7.

/
’

L. c. ‘ ) . - ( ‘

2, The cylinder head seals the combustion chamber and.usually contains the valves and
passages for intake and exhaust gases, the fuel injection nozzle, the air starting
and relief valves, and passages for the cooling water.. ‘

*

Work Unit 1-8.°

1. transform the reciprocating motion of the pistons into rotary motfon. -
' 2. transmit the §nergy of combustion through the connecting rods to the crankshaft.

- 3. ¢.
4. b. .
5. a. . . i '
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| - STUDY UNIT 2
: | PRINCIPLES, MECHANICS, AND PERFORMANCE OF THE DIESEL ENGINE

STUDY UNIT OBJECTIVE: WITHOUT THE AID OF REFERENCES, YOU WILL IDENTIFY THE
OPERATING. CHARACTERISTICS AND PRINCIPLES. OF THE DIESEL ENGINE. 1IN ADDITION, YOU
- WILL IDENTIFY SCAVENGING, PISTON AND CRANK TRAVEL, COMBUSTION AND IGNITION OELAY,

IGNITION AND TIMING, AND THE CHARACTERISTICS OF SUPERCHARGING.

Work Unit 2-1. OPERATING PRINCIPLES IN THE DIESEL ENGINE

1
» ! :

TDENTIFY THE DIFFERENCE BETWEEN THE TWO AND FOUR STROKE CYCLE ENGINE,
. EXPLAIN THE COMPRESSION RATIO OF A DIESEL ENGINE. ‘

N Ay

IDENTIFY THO METHODS OF BURNING FUEL WITHIN THE CYLINDER..

A series of events which reoccur regularly and in the same sequence is known as a
cycle. The cyclic sequence of events in a diesel engine s (1) fil1ling of the engine cylinder
With fresh air (intake); (2) compression of the air charge in order to raise it¢ pressure and
temperature needed to fgnite and burn the fuel efficient y: (3) combustion of the fuel and
expansion -of the hot gases; and (4) emptying the cylinder of the burned gases by exhausting
them. When these four events are completed, the cycle is repeated. _ '

Four-stroke cycle. When these four yents take place during four strokes of the ¢ .
" piston, the cycTe 1s calTed a four-stroke cycle. - The positiods of the piston when- it ts - w
hearest to the cylinder head.and farthest away.form it are called top and bottom dead center = . W

respectively,<indicated as TDC and BDC. The reason for this designation is that at these
positions the connecting-rod center-line coincides with the crank-throw center-line and the
piston cannot be moved by gas pressure .acting upon its surface. The force to keep the piston _ S
going up -and down must come from the rotating crank acting through the connecting rod. The 2
four main events in a four-stroke cycle are shown in figure 2-1. , " _ - , o

- eag [T

SEChon

4

A
(o) ~ )

Fig 2-1. :Four-stroke-cycle diesel engine. ' - .

- During the first intake stroke {fig 2-1a), the piston moves downward by the connecting
¢ rod, the lower end of which is moved by the crank. The piston motion creates a vacuum in the
‘cylinder as it moves dowpward. 6utside air is drawn into the cylinder through the intake
valve which opens at abou the. beginning of the intake stroke and stays open until ‘the piston
reaches bottom dead center’ (BDC). o o o, oo

» . -

uhép-the~pist§n has passed BDC, the second or compression stroke begins (fig 2-1b).

The intake valve closes and the upward motion of the,giston pushed -by the crank and the . '.'\;;

4 connecting rod begins to compress the air charge in the cylinder. - o : o R
_ ' o ’ - _ _ P : B

Shortly before the piston reaches top dead center (TDC), liquid fuel in a finely atomized . ek

spray is admitted intq the cylinder containing hot compressed ‘air; The fuel is fgnited by the

heat of the air compressed in the cylinder and burns. during the first part of the downward ' 0

piston stroke. During this downward or third stroke called working gr power stroke (fig "%

2-1c), the hot gases, whose pressure was considerably increased by the combustion of the fuel = - '»i,%

charge, force the piston downward and expand due to the increasing cylinder vol?me. ¥ RO
“a ! . ! o ’ R4 / /f
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f\ : _ Shortly before the piston reaches the bottom dead center, the exhaust valve opens (fig
2-1d), and the hot products of the combustion, havilg a'rélatively high pressure in spite of

the previous expansjon, begin to rush out through)the exhaust ports into the outside .

, atmosphere. During the following fourth or'exhaust stroke, the piston moves upward, pushed by
v the crank and connecting rod, expelling the remaining products of combustion. Near top center
the exhaust valve is closed, the intake valve 1s opened, and the vhole cycle starts again. ,As

“can-be seen, the four strokes-require two engine revolutions.. Thus, in a four-stroke-cycle

- engine, one piwer stroke obtained for every two engine revolutions., Actually, the dividing

- .~ points between the four main events do not come at the very beginning nd of the .
Q ,.corresponding strokes. The di fferences are smaller in low-speed engine increased as the

“engine speed increases. The intake valve is opened 10 to 25 crank-angle-yegrees before top
dead* center and is closed from 25 to A5 crank-angle degreés after bottom cgnter. The fuel
injection starts some 7 to 26 degrees before TDC. In order to release thed exhaust’ gases in

_ proper time, the eihaust Valve begins to open 30 to 60 degrdes before BNC and close 10 to 20
degrees after TDC. Q - ' _ '

» ) ; : ] .
‘ “Two-stroke-cycle events. A two-stroke is comp]‘gted in two strokes or one revolution

- of the crankshaft, whereas a four-stroke cycle is completed in four strokes or two revolutions
of the crankshaft. In other words as twa-stroke-cycle engine completes the four events i#fFa
cycle in two strokes of the pjs?n. On ¢troke 1s down and one 1s up. Each up and down
movemept of the piston will turf the crankshaft once. So a two-stroke-cycle provides power ‘to
the crankshaft on each revolution or turn. Compare this to the four-stroke cycle engine which

. will have two up and two down movements but only one of those movements will be a power '

* stroke. The main mechanical difference between the two-siroke and four-stroke engine is the’ "\
method of remving the burned gases’ and fi1ling the cylinder with a fresh charge of air. In a
four-stroke engine these operations are performed by the engine -piston during the exhaust and
suction strokes. In a two-stroke engine these operations are performed near the bottom dead -
center by means of a seperate aii pump or blower. ’ /.

’,

The compress fon, combus tion,.and ‘expansion events do not di ffer frgm those of a

foyr-stroke engine. The filling of the cylinder, called scavenging, with a fresh ‘charge may

be explained as follows: when the piston has travelled 80 to 85 percent of its expansion

stroke, exhaust valves e, e (fig 2-2a), are opened, the exhaust gases are rgleased apd begin -

td escape from the cylinder. The piston continues to move toward the bottof center and soon ‘

.uncovers ports s, s, thrqugh which slightly compressed air begins to enter the cylinder. This -
_ air, having a slightly higher pressure than the hot gases in the cyl inder, pumpssout the hot -
. gases through valves €, e (fig 2-2b)., This-operation is called scavenging.. The air admitted -

is called scavenge air and the air adnittance ports, fcavenge ports. About the time when the

“wx . piston on its upward stroke close portx s, s, the exhaust valves e, e are also closed (fig
: g, 2-2¢), and the compréssion stroke begins. ’ o 5
'” '. : .‘ . . N ' LY '-\
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« The advantage of-a fwo-strok% operation ‘is the elimination of one scaven?ing and one

ccharging stroke required, in four-stroke-éffcle operation. Thus, the cylinder delivers one

power stroke for every revolution of the engine as compared with one power stroke for every two .

f{evolutions in & four-stroke-cycle engine. It might appear that a two-stroke-cycle engine

ould producectwice as much horsepower as a four-stPoke-cycle engine of the same size

- operating at the same speed. However, this is not the case. In order to scavenge the burned

-

gases at the end of the.power stroke and during the time both the intake and exhaust ports ‘are
open, the fresh air rushes into and through the cylinder. A portion of the fresh air mingles .
with the burned gases and is.carried out the exhaust port. Also, due to a much shorter period :
the intake port- is open (as compared to the period intake valve in a four-stroke-tycle engine T ON#
is open), a relatively smaller amount or air is admitted. Hence, with less air, less power
per power stroke is produced as compared to the power produced in a four-stroke-cycle engine
of like size operating at the same speed-and wit qﬁher conditions being the same. To
increase the amount of air entering the cylinder, auxiliary devices are used with
two-stroke-cycle engines. : . ) ' :

These advantages are very important,) an hence two-stroke engines are used in the ~
Maripe Corps much more often than four-strofle engines. A disadvantage of twa;stroke operation \
1s higher working temperatures of the pistgh and cylinder head due to combustion .pccurring - :
‘every revolution and resulting [n‘distor on of these and regated parts. - :

N

Coggressfion. ,There'are' two reasarﬁor compressing the air charge during(ﬂ\e_second .7
r compression stroke. The first is to ral¥e the thermal or overall efficiency df the-engine ,
by increasing the fiml témperature of combustion. This aRplies to all internal-combustion .

engines both of the spark-ignition type as well as the so-Called diesel type€. The seconq is
to increase the temperature of the air charge so that, ‘when tfle finely atomized fuel .js ' L
injested into the hot compressed air, the fuel will ;gnife and begin to burn without any
outsidefgourcc'of ignitfon such as the spark plug used in automobile engines.

1

The compression ratio of an engine (fig 213) is the volume in one cylinder with the . N
piston at bottom dead centdr (displacement volupe plus clearance volume) divided by the volume

‘with the piston at top dead center (cleardnce volume). This figure indicateg the actual, "
amount that” th&\air drawn into the cylinder will be compressed. For example, suppose that an a
‘engine cylinder Nas an air volume of 60 cubic in ith piston at bottom dgad tenter and a’ ™
volume of 10 cubic inches with the piston at tog dead.center. This gives a compression ratio
of 60 divides by 10 or 6:1. That is, the air is comprésged from 60 to -10 ciyic inches, or to
1/6 of its orgiml volume, on the -compression stroke. C3mpression ratio is designated by r.
Compression ratio = volume at bottom-dead center (Vy) - volume at top center (Vo) or ™ . . h
. ‘3 . , ‘_ > - ‘ . . a
. ravy s Vs, N
© ! ] ‘ { - ‘ h
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Fig 2-3. Compression ratio is ratio betwedn "V 1" and "Vz"; - -
The'volume V2 is called the compression or combustion gpace. The -vo Tume Vi 1s equal to
the sum of tﬁe piston displacefient of one cylinder plus the combustion spaces. RN L
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~ incrdase and resulting noisiness of the'engine. Such combustion comes close to t

] v ?,J\T.‘.,w...... . S
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Diesel engines use compression ratios of 12:1 up to about 22:1. Theoretically, the
higher the compression ration, theithighet the thermal efficiency of the engine an the. lower
its fuel consumption. As the compression ratio is-increased, the air drawn into the cylinder
{s compressed into a smaller space. This means a higher initial pressure at the start of the
power stroke. It also means that the burning gases can expand a greater amount. Thus, there
are higher pressures for a longer period on the power stroke. More power is obtained with
each power stroke. Therefore, increasing compression ratio increases the power output of an
engine. Racing-car builders shave cylinder heads sd as tp reduce the volume of the gombustion
chambers and thereby increase:ratios. By this one act, the power output of an engine can be
increased several horsepower. However, an increase of the compression ratio is accompanied by
higher gas pressures and combustion tenperatures. This causes stresses and pressures in
various engine qarts.-lJo counteract these 111 effects, stronger heavier-parts are required
which excessively increase the weight of an epgine. Higher temperatures and pressures also
increase the wear and tear of an engine and thus decrease it reliability. One way to avoid
prohlems brought about by increasing compression ratios is to find a fuel that will not cause
difficulty from combustion. ., . ' :

Combustion. There are two distinctly different methods of burning the fuel in an
engine cylinder: (a) at a cohstant volume and. (b) at a constant pressure. Combustion at
constant volume means that during combustion the volume does not change and that all the heat
energy developed by the fuel 3oes into an increase of the gas temperature and pressuge. In
the case of an engine combystion at constant volume means that :combustion proceeds at such
high -rate that the piston has practically no time to move during combustion. Such a o
combustion 1s obtaingd when the piston is passing top center. The advantage of this method of
fuel¥combu¥tion is a high thermal efficiendy. Its disadvantage is a very sudden Rressurg

at of a
spark-ignition gasoline engine. . _ .

-

Combustion at constant preésure means ‘that during combustion the temperature increases

‘at such a rate that, the resulting increase of pressure.is just enough to.counteract- the-
inf luence of the increasing volume, and the pressure does not change. The heat gnergy p

developed by the fuel goes partly into an increase of the gas temperature and pantly into
performing.outside work. In the case of an engine with constant. pressure combus@ion; the fuel
is burned so that the pressure atttined at the end of the compression stroke is maintained
during the greater part of the combustion event. Such a combustion was ‘used in the ori inal
low-speed, air-injection diesel engine. Itg§-advantage is a smoothly running engine producing
a more even torque due to the exte ded combustion pressure., However, it is not suitable for
high-speed diesel engines. '

High-speed diesel engines of the present operate on a cycle which is approximately a
combination of the above two methods. Part of the fuel is burned rapidly almost at a constant
volume near the top dead center. The rest is burned while the piston begins to move away from
the top center. However, the gressur does not remain constant, but usually increases and
then decreases. In general, this cycle more nearly resembles the constant-vdlume combustion
cycle than the cycle of the original diesel engines. Its advantage is high efficiency with
low fuel consumption. Its drawback is in the difficulty of preventing rough and noisy
operation of* the engine. . ' o .

EXERCISE: , Answér the followj g-questions and check your responses against those-listed at
the end of thiss stgdy unit. ~ ' .

1. .A‘two-stroke cycle 1s'tompT6te$ in __revolutions of the crankshaft.

P
- a.gone N E\“a c. three g
b. “two ) ' #3 4. four -
2. ‘ﬂm?dhr~stroke;cycle is completed"ﬁn _ revolutions of the crankshaft. . n
K a. one ' c. tthi |
b. two T d. four: ..

3. Thg,?i]ling of the cylinder with a fresh air c*arge is called

a. pressure. - c.” replenishment.
b. “scavenging. _ d. 1intake stroke.

4. A series of events that reoccur regularly and in the same sequeﬁég is kwown as a

a. stroke. . ¢, cycle. - 2
b. crank. - d. power stroke. ’
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The four events that take place in the operation of the diesel engine are the .
intake of fresh air,combustion of the fuel, _ and

A, compression and release.

b. exhaust and compression.

c. exhaust and detonation. : :

d.. detomation and compression.. . - -

- . 4
Short1ly before the piston reaches ‘bottom dead center in a foun—stroke!&ycle
engine, on the third stroke the

fuel -1s injected into the cylinder.

exhaust valve closes.

exhaust value opens. - _— .
outside air is being drawn into the cylinder. | T

OCToS

. The major advﬁbtage of the fwo-stroke cycle engine is that

a. it reaches maximum speed quicker. T _

b. it eliminates the extra up and down stroke. . .
c. the pressure in the cylinder is less. ‘ :
d. it sﬁuts down much more quickly.  °

Explain the compression ratio of a diesel engine.
: _ -

o

Explain why either a -high or 1ow_compressioh,r$tio is better for usetih a diesel
engine. -

[

a a

The two methods of burning the fuel in the engine cylinder .
are or . :

“From the 111ustrafion below identify each of the four-stroke cycles“shown.' Place

your answer in the spaces provided.

o owum
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Work Unit 2-2. THE DIFFERENT METHODS OF SCAVENGING

GIVEN A SPECIFIC SITUKTION, IDENTIFY CROSS-FLOW SCAVENGING. ' o
GIVEN A SRRUFIC SITUATION, TOENTIFY RETURN-FLON SCAVENGING.
 GIVEN A SPECIFIC SITUATION, TDENTIFY UNIFLOW SCAVENGING.

.
GIVEN A- E?FIO' SITUATION, IDENTIFY TWO METHODS OF PROVIDING AIR PRESSURE TO THE
CYLINDERS , - S |

: . / )

o General. Figure 2-2 117ustrates one of saveral methods of cylinder scavenging. In R
séme engines the exhaust gages aré’\et out throu?h'ports. uncovered by the piston the same as Co
the scavenge ports. There are three basically different methods of scavenging: direct or
. crossflow scavengfn? (fig 2-4), loop or return-flow scavenging (fig 245), and uniflow
scavenging (fig . ' '

.

-2

»

~4

\
W |

. N oel T

&

S" N Fig 2-4. Direct cross-flow scavenging Fig 2-5. Return or:loop scavenging.

a. Direct or cross-flow. In direct or cross-flow scavenging (fig 2-4) the piston
uncovers Tirst the exhaust ports, e, and releases the pressure; going .down farther, the piston
uncovers the scave:g;aports, b, and begins to admit slightly compressed .air whose stream is
directed mainly up as indicated by the arrows, and thus pushes out the exhaust gases .~
through ports e. Having passed the dead center, the piston first closes the scavenge ports
and soon afterward the exhaust ports. The fact that the exhaust ports are closed after the
scavenge ports, permits some of the air charge to escape from the cylinder. This is a
disadvantage of the scavenge method. However, it -has the definite advantage of simplicity of
construction and maintenance due~%o apsence of valves which must be kept tight. L

b. Loop or return-flow. Loop or return-flow scavehging»(fig 2-5)'1s similiar to
cross-fTow scavenging Tn the sequence of the port opening; The direction of air flow is <
different as indicated by the arrows. Its advantage is that the bulky scavenge-air and _ 2
exhaust-gas receiver are located on one side of the cyl¥{rider, thus %1v1ng better : ‘
' accessibility. This method is particularly suitable foy double-acting en ines,. because the
S . operation of the exhaust valves (fig 2-5) for the lower/combustion space ,gcomqs;ierg
- complicated. When used for double-action engines (f147236), the scheme is .improved by the
introduction of rotary exhaust valves, r. During ¥he rolease of the exhaust gases, valve r is -
open but is being closed when the piston on the return stroke covers the scavenge ports. This ,
-arrangement eliminates the escape of air charge dur{ng the beginning of the compression stroke Ty
. when the exhaust ports ape not yet covered. Some time after the ¥xhaust ports are covered by o
the piston, the rotary vAlve is opened, getting it ready for the next cyoge‘ As shown in
figure 2-G, the length of the piston is exactly equal to the length of the stroke. This:1s
done in order to cdntrol the exhaust and scavenge events alternately by the upper and lower

edges of the piston.

L

1] e

‘ . - A . H
. » - . - EN

4 - PN . - ~ X
- ) R 4 5 - et

. . e . : _ - A i

T

. 2-6

TV IR S . T s ' . .
‘,r—dzue_—x}‘, PR A e S e e sy AL e e 5 SN T B e e S st e e PR S



2t 1 ) ~-
) 4 j » N
K - x
4 “ ‘ |
4 v -

. . : :

- “Fig 2-6.- Return scavenging in a double-acting engine. _ R
- c. Uniflow scavenging. The opposed-piston method is shown 1n figure 2+7. The lower

- piston controTs the exhaust ponts, the upper one the scavenge orts. To obtain the necessary
preliminary release of the exhaust gases or an uncovering of the exhaust ports ahead of the

scavenge ports, the crank of the lower crankshaft is advanced in respect to the crank of the . , :
5 ugper crankshaft. The lower crankshaft leads the upper crank by some 10 to 15 degrees, In S
& this way the exhaust ports arg opened first (fig 2-7a). When the pressure is suff iciently . v
; * lowered, the scavenge ports are uncovered‘(fi? 2-7b), and scavenging begins to take place. ‘ '
: After the exhaust ports are closed, more air is admitted :(fig 2-7c? until the scavenge ports LR
. are also covered and compression of the air charge takes place (fig 2-7d). Just before the - . e
gistons reach the point at which-they are closest-together, fuel is injected, ignited, and

~burns while the expansion stroke starts (fig 2-7e). The power delivered by the upper pistons
) to the upper crankshaft is transmitted to the lower main crankshaft by means of an ) e
’ intermediate vertical shaft and two pairs of bevel gears. The &dvantages of this method are: o

(1) Very effipient.scavehéing of the cyl{nder'and hence greaté} power is developed. ‘ o

-

(2) Absence of valves and valve-operating gearé,k.

(3) Absence of cylinder heads which aré complicated castings and a source of trouble -
in engine operation. ' '

(4) Good accessibility for the inspection and repair of parts, withitﬁi-exception of
the lower crankshaft. .

The two scavenge methods shown in figures 2-3 and 2-7 are classified as uniflow
scavanging. In both cases, the exhaust gases and scavenging air are flowing in the same
direction with less chance for formation of turbulences wich are unavoidable with cross- and
return-flow scavenging. ' - - ) g '
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Fig 2-7. Opposed-piston engine operation,
P

"There are ically two methods of providing ale préssure to the cylinder. These are .

by the compressio air in the crankcase and by using -a pump. -

Compression of air in the crankcase takes place through a~check valve. The descending
piston creates a-back pressure on its expansion stroke. This.movement causes the check valve
to close. This method produces little air pressure and is generally used ‘only on The
two-stroRe cycle engine. . T ; *

/ The™Rumps that are used come in may varieties but they all fall into a geﬁefal- .
categoryiof ing efther blowers or superchargers, These will be covered later within this
study unit. St T * : '

r R A ) ‘
EXERCISE:  Answer the following questions and check your responses against those ‘1isted at
the end of this study unit. o

. Identification (items 1-37): Identify the three metho~ds'\'of scavenging as given in the ,
situations provided below. ) - o ' .

“1. The piston uncovers first the exhaust ports, and releases the pressure. .Going .
down farther, the piston uncovers the scavenge ports and begins to admit slightly
compressed air, whpse stream is directed mainly upward, an thus pushes out the
exhaust gases. ' . =

a. Return-flow scavenging _ . -

b. Uniflow scavenging ’

c. Cross-flow scavenging

PR %

air flow is different. -The“air port and exhaust gas port are

ated on the Same
side of the cylinder,, thus giving better accessibility. ' . )

o

2. The sequence of the port opgn,jngs is the same as in the first muation, but the

/ a. Return-flow scavenging ‘ . o .
b. Uni-flow scavenging L t. '
c. Cross-flow scavenging T . LJ e .

o
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i
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S ) 3. The lower pistons control the exhaust ports and the upper one the scavenge ports.
- In order to obtain the proper sequence for intake and exhaust, the lower
crankshaft will precede the upper crankshaft by 10-15 degrees,

a. Return-flow scavenging -
b. Uni-flow scavcngin%
c. Cross-flow, scavenging

4. rThe two methods of providing air pressure to the cylinder'are by the use of a

2 ) ump and a blower. : - -
b. Elower and a supercharger. ’ @ o ' _— -
C. pump and compression of air in the crankgase. ¥ . v
d. supercharger and compression of air in the cylinder. - . .

* Work Unit 2-3. THE DIPFERENCES IN A COMPARI SON“BETWEEN THE GASOLINE AND DIESEL ENGINES | E

STATE MECHANICAL SIMITARITIES BETWEEN GASOLINE AND. DIESEL ENGINES.

STATE THE MAIN ODIFFERENCES IN PRINCIPLES OF OPERATION BETWEEN GASOLINE AND DIESEL
ENGINES. L oy . _
. General mechanical construction.” The diesel engine is mechanically similar to the
gasoline engine but Ts heavier Tn tonstructYon. Both engine types use .air, fuel, compression,
and igmition. Intake, compression, power, and exhaust occur in the same sequence.
Arrangements or pistons, connecting rods, and crankshafts are similiar. Both are internal
combustion engines; that is, they extract energy from a fuel-alr mixture by burning the _ - !
mixture fnside the angine. - o s : o

oSt L

Fuel intake and ignition of fuel-air mixture. In principles of ‘operation, the d‘:; _
~ differences between gasoTine and diesel engTnes (T1g 2-8) are the two different methods of A 4
- introducing the fuel into the cylinder and of igniting the fuel-air mixture. Fuel ‘and air are
mixed togethet before they enter the cylinder of a gasoline-engine. The mixture is compressed -
- by the upstroke of the piston and is fgnited within ti;ecylinder by a spark plug. - (Deyices N
other than spark plugs, such as “firin? tubes," are sometimes. used) Air alone enters the . '
cylinder of a diesel engine. The air s compressed by .the upstroke of the piston and the. : .
diesel fuel 1s injected into the combustion chamber near the top of the uqstrdke?(c mpress ion '
stroke) . The air becomes greatly heated during,compression and the diesel fuel ignites and
burns as.it is injected 1ngo the heated air. HNo spark plug is used in the dﬁgfél engine;
ignition is by contact of the fuel with the heated air, although ;Rlow plugs* are used in some
models of diesel engines to assist in starting. Pressure deve?op by the compression stroke
+ 15 much greater in the diesel engine. Fbr apch pound of pressure exerted on the air, there
will be a temperature increase of about(200F), At the top of the compresston stroke (when .
« Ppressure is"highest), the tempzratur in 5r chamber will be about 1,0000F.. this hea .
ignites the fuel almost as sopf asyft is fnjected into the cylinder. The piston, actuated by

Vs the éxpansion of burning gases, t moves down on the power stroke. In a gasoline engine, o | :
the heat from.compression {is not~enough to ignite the fuel-air mixture and-a spark plug is. ) -
necessary. o . ) . ‘ e .
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. output and speed. It is apparent, therefore, that the controlling factor is the quantity and-
) ’

¢

iﬁgmbustion process. In the diesel engine; there” is continuous combUstion‘&uiing the entire
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Fig 2-8. Comparison of sequence of events in diesel and gasoline engines.ws
Control of speed and power. .The speed and the power output of diesel e ines are :
controlled by the quantity of fuel injected into the™¢y]inder. This is opposedjto the pg{mon
gasoline engine which controls speed and power output by;limiting the amount of air admitted
to the carburetor. The difference is that the diesel eéngine controls the quatity of fuel,
wheread the gasoline engine regulates the. quantity of atri. In the diesel engine, a varying k)
amount of fuel is mixed with a constant, amount of compressed air inside the cylinder.. A full .
charge of air enters the cylinder on each intake stroke. Because the gudhtity of air is
constant, the amount of fuel injected determines gower output and speed. A¢ long as the ,
_amount of fuel {njected is below the maximum esta 1ished by the manufacturer in -designing the C’[
engine, there is always enough air in the cylinder for conplete combustion. A device in the S
carburetdr of the gasoline engine controls the amount of air a mitted. The amount of air and
its velocity, in turn, control the quantity of fuel that is pi ked up and mixedwith air to be

it

‘admitted to the.cylindér. The amount of mixture available for combustion detérmines power

RN P

velocity of air passing through the carburetor. _ .

- .

ngth of the power stroke. Pressure resulting. from combustion remains approximately constant
ine, howaver, ‘combustion is completed while the _.N///
This means that the volume of the mixture stays
in prodess, When the piston does move down and the
ombust ol to maintain pressure. Because of
of£en referred to as having constant-volume
constant-pressure combustion. . '

hroughout the #troke. 1In the gasoline e
.piston is at the upper part of 1:}Mxrav
about the same=during most of the combu
vo lume 1ncrease:;cthere %s 1ittle additional

e

these facts, th gclg of the gaspline engine
combustion while the diesel cyc?’Pis sa1d~to_ha
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EXERCISE: Answer ‘the following questions and check your responses against those listed at he -
end of this study unit,

1. The desighs of the gasoline diesel engines are similar, but

the PV _ s heavier in" weight.
2. Both engine types use air, fuel, ignition, and
) -~
3. In both engines, intake, compression power, and exhaust occur -
in ‘ -
4, Thgre are similarities in the arrangement of pistons connecting rods,
an _ . ' _ -
5. The control and Speed of the | engine 1s contro]]ed by the
~quantity of fuel injected into the cyTinder.
6. The control and speed of: the | engine is controlled by the amount

, of air provwed to the carburetor,

-

~4

.Combustion 15 completed while the piston is at its uppermost point of travel in
the _engine.. N

8. Combustion continues for the length of the power stroke in the
%ggine .

Work Unit 2-4. -THE MECHANICS OF PISTON AND CRANK Tmhvé{”

EXPLAIN THE MOVEMENT OF THE PISTON. \ T

TDENTIFY INTERTIA. y s Cenafs o )
- 4 - o ..&u

IDENTIFY ONE FUNCTION OF. THE FLYWHEEL. : .

The movements of the. piston are transmitted to the crankshaft by means of a connecting
rod. These three members (pi'ston, gonnecting rod, and crankshaft) transformed the up and down
motion of the piston, called reciprocating motion, into rotary motion. For all practical
purposes, the travel of the crankpin can be considered to be a uniform motion along a circle
described with the radius equal to the length of the crank throw.

~

. /
Nhile the crankpin travei is uniform and has a constant velocity, the piston. travel is
not uniform and the piston speed constantly varies, At each dead center, the piston-comes to
a standstill; its speed becomes zero. As the piston begins to move, the speed gradually

increases and reaches a maximum when the angle (a) (fig 2-9) formed by the crank and the
.cylinder centerliné is equal to 900, After the position, the piston speed. beginseto

decrease and at thg, dead center again becomes zero.
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_cylinder and when the first particles of it are Ignited. Thi time element 1s called

- particles of oxygen.

A " g " .

Inertia is the resistance of a body to change 8f motfon. It is the tendency of ¥n
object ‘to remain stationary, or to continue to move if ¥t is moving. Inertial as such cannot
be measured directly; however, it can be expressed in-terms of the force which must be applied
to a body in order to change its velocity. As with any force, inertial forces are expressed
in pounds. Since the change of velocity i1s called acceleration, inertia may be defined as
being equal to that force which must be applied to a'body in order to impart to it a certain
acceleration, either to speed it up or to slow it down as the.case may be. The force of
inertia of a body depends upon the rate of thange of its yelocity. The shorter the time
during which a change takes place, the higher the required acceleration and the greater the
force of inertia becomes. . ) v

: A flywheel stores up energy during the working stroke and gives it back during the
rest of the cycle., It serves four main purgoses: (1) to keep the variations in speed within
desired 1imits at all loads;. (2) to limit the instaptaneous rise or fall {n spced during .
sudden changes of load; (3) to carry the pistons over the compression pressure when running at
lg{ or idling speed; (1} to help bring the engine up to speed when starting. ’

In multicylinder engines, the torque af the end of the crankshaft becomes more
uniform, and the required weight of the flywheel becomes very small. The cranks, crankpins,
and large ends of the connecting rods have considerable weight and exert the same influence as
a flywheel. Therefore, in some large, multitylinder, marine diesel engines, flywheels are not
necessary and henceg are not used. : '

EXERCISE:  Answer<the following que;@Jors and check your reéponses against those listed at-,
' the end/ofsthis study unit. '

1. A thq movement of the piston. . ‘(:T S

) ‘ ) o .

\

N . /R

’ T T X Y — -
2. The r:gl:tance of a body to‘;\thange jn motion is.called 1~

,a.' sé tionﬁ?y. . c. tendency. . p . .
fa. @& - d. acceleration.

b, o
“3. Which of the following' Is a function of the flywheel?

a. To store energy throughout the cycles like a battery )
. To illuminate the 1imits of torque rise ) . ~
To regulate the combustion of the fuet o
dN\ To help bring the engine up to speed when starting

Nork Unit 2-5. COMBUSTION AND IGNITION DEL
- q
IDENTIFY {GNI;ION DELAY. |
- ADESCRIBE COMBUSTION IN THE DIESEL’ENGINE. v - ) N

- Regardless of how finely atomized the fuel injected into the combust fon spac® of the

cylinder filled with hot air is, it takes some time before the relatively cold fuel spray

becomes heated and vaporized enough to ignite and start burning. This time element {s rather

small when ‘expressed as a fraction of a second) but quite noticeable when referred to as the

nunber of degrees the crank travels between thé moment when the fuel is introduced 1nt3 the
9

Y

nitipn
delay or ignition lag and amounts to several degriges of crank travel. D }p

4 Aftereign1tion has started, fhé fuel, wh by this time has alfehdy been fntroddéed

in the cylinder, w{1l burp. This combustion.usua)ly is accompanied by a “rather quick pressure

rise. In the mean \time, the pump continues to deliver fuel, and during the third period of
combustion, the fue} burns more or less as it is introduced. However, sigce the supply of
oxygen in the alr charge gradually is being used up by the combustion, the fuel particles- .
introduced toward the end of the injection have more diff iculty meetin necessary
Combustion ‘is consequently retarded and, when 1ngec on 1s terminated,

‘ ‘some unburned fuel [is still present in the cylinder and continues burn. The piston by this
. time has moved away form the dead center and its speed increases; therefore, the qressure

begins to fall in spite of additional heat being developed by the rest of the fue

L
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The whole procedure can be i11lustrated by the pressure-crank angle diagram (fig
2-10). Point A is the start of the injection, goint B is where ignition occurs, and period
A-B is ignitign delay, Up to point € the pressdre rises very fast. ,Period B-C corresponds to
burning of thé fuel introduced up to this point and represents the first or uncontrolled
-combustion. ‘From C to D the fuel 'burns more or less as it is 1nttoduced, giving the second or
controlled combustion.| From point D the fuel burns with ghe pressure dropping - this is
a:te;*(-burning. After-burning may continue through a co@erableristpnce of the expansipn
stroke. ' TR : '

!
i
!

i

Fig 2-10. Pressure-time diagram of combustion progess.- ’

The highest thermal efficiency is’obtained from the fuel which burns at the highest
compressign ratio at top center, In practice, burning of the shel must start before top deads
center and be completed after top dead center. The shorter the period of combustion, tﬂe
higher the thermal efficiency, and the lower tqg fuel consumption. However, an excessively
short burnimg period requires a fast pressure rise and produces’high maximum pressures. This
is undesirable as far as the quietness of engine operation, pressures, and stresses in various
engine parts are concerned. . .

‘In order to obtain efficient, smokeless combustion, the fuel injected into the
cylindergmust be broken up into very fine particles and must be well atoMized, and the fuel
particle":ust be distributed uniformly through the whole combustion space. In a1r~1njectioni§
engines, ®he distributhon of the fuel is accorplished through a thorough mixing of the
injection air carrying the atomized fuel with the air in the cylinder. In mechanical or
solid-injection engines, distribution is acpontlished by using nezzle tips with several holes
and by directing the fuel sprays so as to reach the desired portions of the combustion space
or by using pintle-type nozzles with a cone-ﬁhaped spray. In larger engines, fuel is
distributed better by using-two or more separate fuel'nozzles, each having several holes or . - .
fan-shaped sprays.- However, fuel distributed by separate sprays Ns not sufficient. Fuel
distribution in the air charge is improved by stirring up the air in the combustien space and
by creating air turbulences, thus mi®¥ing air having too much fuel with air.which does not have

any fuel. : » e "

n~

While theoretically 17 1b of air is sufficient)jto burn completely 0.065 1b of fuel oil,
actually not all of the oxygen of the air will be reaChed by the fuel particles. Hence, only
a smaller amount of fuel, on the average'not over 0.052 or even 0.043 1b, can be burned
efficiently with 1 1b of air in the combustion chamber. : .

gy

_ TurbuléﬁZGS in the air charge help to reduce the amount of air not reached by the fuel
particles-and thus help to increase the power output of the engine. Turbulences may be '
created by various means, including special shaped of the piston crown or of the entire
_combustion chamber. Figure 2-11 shows -examples of different turbulent heads. 1In figure 2-11a
" turbulences are treated by restriction through which the air has to pass when the piston
“moves upward. The air velocity at the restriction is several times higher than before and
after it, and the change of velocity creates a turbulent flow into which the fuel is injected
ferm the fuel nozzle. Figure 2-11b shows a Recardo-Coment head used in WauKesha diesel
engines; here turbulences are created not only by the restriction, but also’ by forcing the air
to travel ofi a circular path. Figure 2-11c shows a turbulent head used.in Hercules diesel
engines which is similag. to the Ricardo head.. However, it has an additiohal feature. When
.the piston approaches the dead center, it begins to cover partially the air passage between
the cylinder and turbulence chamber. This increases the air velocity in the passage, and

makes a more ‘turbulent flow of air fnto which the fuel is injected from the nozzle, f.
¥ . . . . \.\_.

",
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(1))
» Fig 2-11. Turbulent heads.

Turbulence in a two-stroke epgines is created by making the scavenge-air ports )
tangential or angled as shown in figuPe 2-12, MNote that a cirfcular movement of the air
created during scavenging continues up to thg time of fuel injection, in spite.of the fact
that the air has been displaced from one end*of the cylinder to‘the other and compressed to a

- small. fraction of its origiml volape. : T
A . | .
\ Another method of creating‘turbulence 1s used in the so-ca]léd Lanova energy cell‘(fig :
2-13). The fyel is injected from the nozzle; a part of the fuel is atomized as it leaves the
nozzle, ignites, and burns in the main combustion chamber. The rest is injected in a more or
less solid stream into the so-called energy cell or minor air cell. ‘Here it {s atomized or
-broken up 1f a fine mist form and ignited. The resulting combustion raises the pressure in
‘the minot air cell over the pressure in the main combustion chamber and throws the burned and
unburned fuel back into the main chamber. This creates a strong turbulence (indicated by the
curved arrows) and helps to burn the rest of the unburned fuel. - -
- . \'
\ § )
! i \ -
\ ' pston § -
\\» §
\ BN
\\ - ) . )
‘\ S Fig 2-13. Lanova combustion chamber with energy, cell, .

.2;14t ) | 53

e T LA P T N S T T TI " S PR DRSNS FECRPIS AN
N r



-t

. timing is worked out at’ the factory and 1s given in the instruction baok. The operator should

A R 2T R B S R . Lo, g
- - © ' . A . . - . ’ iy
. . ,g .

EXERCISE:  Answer the followin questions and check your responses ‘against those Hsoed at ' R
the end of this study wnit. ‘ .
' ) '

1. _:’he titm 1t takes before the cold f’ueT spray 13 heated to the conbustion point is
: nown as

-

a.' time lag. c. 'retarded combustion. . ST TTa
b. ignition delay. = d. retarded ignition, - ¥ ~ :

2 T!"‘blﬂ ence in the air charge will o ) ’ : : %

w

Turbul ence in the bico-s_troke engine is created by

.5 . « I

4. The combus tion chamber that uses the energy cell “princi'ple s the

§. The highest thermal efficiency is obtained from . = R \ g

» ! o
Work Unit 2-6. IGNITION AND TIMING.: |
| IDENTIFY CORRECT FUEL TIMING. . | o I

As already explained, there exists a certain time lag between the time ﬂ\at the fuel L
is injected into the cylinder and the time that 1t ignites and begins to burn and raise the
cylifier pressure. This time lag, called ignition delay, requires an advance of the fuel ' S
injection several crank-angle degrees efore top dead center. In addition, it should be noted R
that there is another lag in the fuel injection. The beginning of the delivery s gke of the
injection punp is set to correspond to a certain position of the engine crenkshaft\v :
fnjection timing is checked by slowly turning the engine over.. The actual admission of the. _
fuel into the cylinder will -start several crank-angle degrees later. The reason for this time -~ ~ -
lag is the mchanical flexibility of the injection mechanism, taking up of clearances Between R
the various rollers, pins, and levers, and the compressibility of the fuel oil, ¢specially
noticeable with a long fuel” 1ine. This lag 1s called mjection lag and amounts also to .
several crank-angle degrees. »~ 1 , “~ Lo

Both the 1g\itfon lag and injection lag depend upon a number of various factors.: and : N
may.vary considerably from engine to engine. ?he following data obtained from an actual test -~ f
may serve aa an illustration. In an engfne operating at 900 rpm, the 183ection was set to

begin at 22Y before t8p center (BTC); actugl injection started about 17V BTC whicg gives

an dnjection lag of 5Y; ignition started 8Y BTC which gives an igniton delay of 9V or a

total lag of 14 behind_the nominal fuel timing. On the other hand, the pump del ivery

stroke was cut off at 30 BAC, but due to. the expansion of the fuel cOmpressed in the ‘fuel

1ine the.actual end of 1njection ‘occurred slightly after TC. - In other engines the, lag m&y be

greater or smaller, : i _ _ ;

o 5
A ’ ’ u":'.

.+ The only way to determine,the correct fuel timing is by Opereting the engine changing . '
the timing, and finding the timing at which the engine operates best, i.e%, has the Towest, - A
fuel consumption, carries the highest Joagjwithout smoking; and runs the smoothest, Such P

maintain this timing unless the engine operating conditions are radically changed, such as -
running the engine at a di fferent speed or using a di fferent fuel. In this case the proper ER
timing must be found again as mentioned before, ~ = : _ . R

b

¥
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e opening of both the exhaust and intake Valves occurs before the corresponding dead
center. eir closing occurs after it., The causes are partly in the mechanical lag of
action. m c}ear ces which must be. taken up, and the flexibility of the long push rods and

rocker arms but chie ly in the necessity of a gradual opening apd closing of the valves.
Thus, an appreciable perYod of time elapses between the moment when the valve begins to leave t
the seat and the moment when it has sufficiently moved away form the seat to allow exhaust
gases to pass from the cylinder, in the case of an exhaust valve, and atr into, the cylinder, - ' - -
in the case of an intake valve. The same holds true for the closing of the valves, but in > -
reverse. Several crank angl es before a valve touches its seat, the passage becomes so .
‘restricted- that the flow of Gases practically stops. The gradual opening and closing is C e

- necessary to overcone the forces of inertia on the parts of the valve actuating mechanism
without exerting undye pressures bétween the cams,; cam followers, and various pins and e
bearings during the ning of a valve and the poundlng of the valve against its seat when the §
valve is being closed, .
>

The besj timing depends upon a number of factors such as valve 1ift, shape_of cam,

, speed of engine, and restrictions in the cylinder head passages. \ The proper timing is found “’
and set when the engine is ‘tested at the factory and is given in the manufacturer's
instruction book. The proper timing should be maintained and cked in operation, Even a
slight change of the clearance between the cam and N cam followers,. which can occur when'a
. +valve is grownd or when 2e valve actuating mechanism is disassenbled and ther without
4 careful “checking, will affect the timing. "An increase of the clearance will reta'_’ﬂ the
opening of a valve and advance its closing. A decrease of the clearance will act in the
opposite direction. An excessive decrease of the clearance may prevent the valve from seating
~ properly with al) related consequences such as loss of power or burning of the valve seat/ i}
The sakr‘ rks apply to--the timing of the exhaust valves of - two stroke engines y _-
EXERGISE:  Answer th follwing questions and check your responses ‘against those Hsted at
+ thé end of study unit, : . _
1. The only.way to find correct fuel timing is by operating the engine changing the
) mng ‘and . ) ¢
a. finding the best: timing for the operation' of the ‘eMyine.
T b.. removing the incorrect timing form. the engine. .
c. reading the appropriate mark on the flywheel. o -
d. locating the 1gntion lag within the en-gine '
’ ~ 2. The best timing depends on a pumber of factors such as the shape of the cam, spéed ‘
of the engime, nestrictions in the cyl 1nder head passages, and the W
I3 . )
. correct eenter rating ' " c. valve Hft .
d\ piston design. d. crapk angle. N ' . y
Hork Unit 2-7. SUPERCHARGING ~ o L | -
‘ IDENTIFY SUPERCHARGING.
‘. WAYE THREE BLOWERS. ' '
, Y S o
EXPLAIN TURBOCHARGING. ' _ , , \

j_ Supercharging is an 1ncrease in_the power which an engine of given piston displacement

' ' and speed can develop. Since the power in a diese) engine is developed by the burning of '
fuel , an,increase of power requires that more fuel be burned.. Therefore, more air must be
avaﬂable since each .pound of fueléequires a certain amount of air. A given volume will hold’
a greatdr wéight of any gas, inclu®¥ng air, if the gas pressure is increased. Thus,

. supercharging means a-higher pressure of air charge in the cylinder at the beginning of
compress fon stroke. In order to ingrease the air pressure in four-stroke engines, the a
charge 1s not sucked into the cylinder or, as it {s called, is'not.admitted due to naturd)
-asporation by the receding pistan. The air charge is pushed in instead by a higher pressure

" created by a separate air pump or blower. - There are three types of bldwers used: (1) -
reci procating: piston .pumps similar to an air compressor; (2) rotating positive-displacement‘
blowers of the Roots-bl owev'%ype, and (3) centri fuga'l hi gh-speed bl owers similar to
centrifugal pumps .

-

-
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= When.a supercharger is applied to a four-stroke engine, the main change required. in

" 'the engine design is a change in timing of the intake and exhaust valves. The intake-valve
opening time is advanced and the exhaust-véﬂve_c1osiﬂ?\is retarded. The gwo valves are .
‘designgd to stay open simultaneously for about 80 to 160 aegrees. the selection depending upon
the normal engine speed. This simultaneous opening is called ove lappin?.« Test have shown - -
that an overlap of 40 to 50 degrees increases the power output of |an engine about 5 percent if .
the supercharggng is very smai?. This 1s ‘sufficient only to elimjnate the vacuum in the -
cylinder during.the suction stroke. The power output of an engine is increased up to 8
percent with a sxqercharger pressure of 12 inches mercury, as compared to an overlap of 10 to
2 degrees commonly used in unsupercharged engines. The total power gain due ‘to supercharging

" varies form 20 to 50 percent depending upon tge supercharging pressure. In present-day naval
engines this varies from 5.0 in .to about 12. inches mercury. , ok -

- - It should be noted that, simultaneously with an increase of the mean effective L
pressure, supercharging also increases the maximum or firing pressure and the maximum . /
temperatures. On the other hand, the.fuel consumption per horesepowar-hour (hp-hr) usually
decreases with supercharging due-to an increase of turbulence and hence better mixing of the

fue]l with the air charge. o ~
- Two-stroke engines usually have a blower'tdiobtain‘scavenge'air and their ° .o
' supercharging is obtained simply by increasing the amount and pressure of scavenge air,. In .
addition, a slight chan?e of the exhaust and scavenge timing is made in order to retain more .
scavenge air at the beginning of the compression ‘stroke. >
Turboéharging 1S4ﬁhch like supercharging. The difference lHes in the design3.‘Tﬁe .- .
turbocharger uses exhaust gases to propel the comprassor which Rrovides the high air " .
© pressure. .The net result is the same so don't be confused by the different terms. .
EXERCISE: * Answer the following questions and check your responses again;t those listed at S
h * the end of this study umit. . o o
4 * 1{ An increase in the power which an eﬁgine of given displacement and speed can CoL
develop is the object of ' 4 . \
. a. finertfa. ' c. supercharging. | I
’ S b. gdverning. d.* vacuum. - '
2. Supercharging may be done ‘hrough the use of three blowers., Name these three )
blovers. : el . . .
% ) . _
A p @ ’ "
] N
5. Explain turbocharging. : s | _ _ S P o =
M .t ) - < M - - i . .‘.‘
. Answers Egﬂgtudy Unit #2 Exercises ST _ R
' ) . . o " _-a'\\\__ ’ ’
Work Unit 2-1, . RN AP
N \ R ) ) /" * .
1. a. _ : - _ .
' . g._ g. - ) “ : I 4 R . ” ‘l.“
‘ 4. c. | " ' y o - -
| 5. b. : ‘ '
:g. td). e N . : u
8. Volume in one cylinder.with the piston at BOC divided by the volume with the’
piston at TDC, = .~ . . - . o 3
9. The higher the compression ration, the higher ‘the thermal efficiency if the = g
* *  engine, and the Tower its, fuel consumption, - = ) e
‘ 10. Constant volume and.constant pressuré™- ' At
1. a. intake . | [ P .
b. compression E ¥ ¢ . - . .
- _ ' c. po:er- e : o ; o B
g . d. exhayst - ’ g i
%;ﬁ o ay . o E;(; . ‘ [ -
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Work Unit 2-2,
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Work Unit 2-3,

o -

diesel engine
compression -
same sequence RS -
crankshafts 4 . -
diesel % ‘ 4 T :

gas -
gas . _ R

diesel _ S )

+
.

RPN D WN

ﬂork Unit 2 4

1. Movements of the piston are transmitted to the crankshaft by means of a,connecting
rod. By these three members, the up and dawn motion (reciprocating) is
transformed into rotary motion.

2. b, ) _

.30 d.
Work Unit 2-5. * /[/// . o
. h- . . ) , - ‘-% .
help reduc amount of air not reached by the fuel charge (particles) and thus . _ |
help to inc the gower output of the engine. ; * -
making the s nge air ports tangential ér angled. This creatas a circular

* movement of air that continues up to the time of injection.

Lanova combustion chamber
fuel burned at the highest compression ratio at top«dead center (TDC).

A Y

‘oo w ‘N—‘

Work Unit 2-6.

1. a. .

2...c. :
Work Unit 2-7 S . T -

« ‘er\

1. c.

high-speed blewer
3. The turbocharger uses exhaust gases to propel the co
high air pressure and achieve the same_end res
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Cw - { © STUDY UNIT 3 "
coL | JNJECTION AND CONWRQL OF THE'DIESEL ENGINE
~ «  STUDY UNIT OBJECTIVE:« WITHOUT THE AIDOF REFERENGES, YOU WILL IOENTIFY THE
- COMPONENTS AND PROCEDURES USED IN COMMON FUEL INJECTION SYSTEMS. IN ADDITION, YOU
WILL IDENTIFY THE COMBUSTION AND GOVERNING OF POWER AND THE COMPONENTS THAT EACH
ENGINE WILL HAVE AS CONTROL MECHANISMS. :

Work Unit.3-1. FUEL INJECTION: SYSTEMS .

' LIST THE FIVE MAIN REQUIREMENTS FOR INJECTION OF FUEL.

{OENTPFY'fNO METHODS OF FUEL INJECFION. M

‘ The fuel injection system, in delivering the fuel to the combustion chamber, must
fulfill the following -main requirementsv ' ‘

. a. Meter or measure the correct quantitj‘ﬁ? fuel. - ) -
b. Time the fuel-injection. ' ' :
/ c.- Control the rate of fuel injection. . ‘ S
d. Atomize or break:up the fuel into _fine particles waccording to the type of -

combustion chamber. ) _
.e. Properly distribute the fuel in the'combustion chamber. _ .

There are two different methods of fuel injection: air injection and,mechanical or
- solid injection.« Solid injection can be subdivided into three distinctly different groups: -
(1) common-rail, (2) individual-pump, and (3) distributor systems. The means of fulfilling Ve
- the five requirements listed above vary acegrding to the %ystem,useﬂ.and are shown in the. ‘
~ following tables ' ‘ ' '

-

Table 3-1. Injection requirements and systems..

-

. . . Mechanical InjectionSystems
. ‘.« Afr-Injection s .
Requirement . » System ' Individual
- . Common-~R&i1 ' Pump Distributor
' Metering Pump =~ - ‘Injection valve Pump ~ Pump
b - Timing Fuel cam Fued cam ' Pump cam Fuel cam-
ﬁ% Injection rate. : Spray valve Injection valve . Pump cam | © Fuel cam ° .
Atomization - Spray valve Injector tip = Injector Injector .
‘Distribution ' Spray valve- Injector tip . -Injector - . Injector

a. Metering. Accurate metering or measuring’éf the fuel means that, for the same fuel
cahtrol setting, exactly the same quantity of fuel must be delivered to each cylinder for each
power stroke of the engine. Only in this manner can the engine operate at uniform speed with
a uniform power output. ' : ! . = .

b. Timing. /Proper timing means beginning the fuel injection, at the required moment. ,

This is essential in drder to obtain the maximum power for the fuel-air mixture and thus
insure fuel economy and clean burning. p:peh thé fuel is injected too early in the cycle,
ignition may be delayed beqﬁuse the temp€rature of the-air at this point is not high enough. »
An excessive delay gives rough and noisy operation of the engine ‘and also permits some fuel to

be lost due to wetting of thé cylinder waTls and piston head. This in turn results §n poor

fuel economy, high exhaust gas ‘temperature, and smoke in the exhaust. When fuel is injected

too late in the cycle, all the fuel will hot be burned until the piston has traveled wel] past

top centér. When this happens, the engine will not develop its maximum power, the exhaust
will be smokey, and the. fuel consumption will be high. ) o a R

c. Rate of fuel injection. -The rate of fuel 1s‘1mportaﬁz§f0r the same reason that ,
correct timing 1s Important. If the start of the injection is correct, but the rate of .
injection is tog high, the results will be similar to an excesslyely early injéction; if the
rate is too low, the res “§§ wi]]‘ﬁqisimilar to in\excessiyely }ote injection. - _

Ry
* d:. Atomization.. Atomi2 n of fuel mus€ be according to the .type of combustion chamber
in use. ~Some chambers require very fine atomization; others can operate with coarser _
atomization. Proper atomization ailds the starting of the burning process and insures that, Lo
, each minute particle of the fuel will be surrounded by particles of oxygen with which it can S

. S

combine. A more detailed discussion of atomization is given in work unit 3-2. %. 4

_ S 88 0 - )
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‘e. Distribution. Proper distribution of the fuel must be obtained s0 the fuel will Fmr
penetrate all parts of the combustion chamber where ox gen is available for combustion. If -
the fuel is not properly distributed, some of the avai{able oxygen will not be used and the - ,
power~-output of the engine will be Tow. : . L .

Py In order to be practical, ihe fuel injection sygtem, aph'especially he high—préssure
pump, must have the following additional features: ,_,f )

N -

a. Maintain its adjustment for a reasonab\e period of time, not lose it due to the :
vibration connected with the high engine speed. '

Be economical of - power. _ . L
Be 11?ht and not too bulky, especially in sm§§l~§bgines. v a
Be qu et in operation. . ) R . .

an o,
-« * 9

Air injection was used in early diesel engines. at present it is seldomyused and on]y
for large engines operating on heéavy viscous fuels. . .

kinetic energy. This Kinetic energy of the expa alr is used to feed the fuel into the :
cylinder, from the spnay valve, to atomize the fuel, and to create turbulence in the.combustion “
chamber for mixing the fuel and air. . U - s

. . #
® . 7

In afr-injection en$1nes. the potentia} energy of the compressed diriis converted into
qéi;g

. ' J
The air-injection system-'consists of three main elements: ((“ T : e

) Y ! . The fuel pump for meterin? the fuel.. RN
. The compressor for supplying the injection air. .
.+ The spray valve. . ' Ty e ; : -

a. Fuel pu The type. generglly used has a plunger for each cylinder ‘the engine, and
the quantity of guel is controlled by varying the effective length: of the plunger stroke. The-
only function of the pump fis to meter accurately the required quantity of fuel and deliver it

to the spray valve. N , .ot - .. A

~

b. The spray valve. Figure 3-] shows a spray valve consisting.of a needle valve held on
i8s seat by 3 heavy spring, atomfzer disks with hdles to break up the fuel and mix it with.the
injection air as both flow through the valve, and a flame plate with an orifice through which
the fuel-air mixture is admitted to the combustion chamber. The needle valve is 1ifted

« mechanically by a lever actuated by a cam on the cemshaft. . T R

t g e mane N A

AR-PULL
MXTUR

v \ 3 (\
- . Fig 3- T Tyndcal air-injection fuel nozzle. N ' ﬁ%@gv " .;f
The t1m1ng and duration of injection are c"trolled by the fuel cam. The rate of foa
JAnjection, the atomization of the fuel, and the digtribution”in the combustion chamber are all
o controlled by the number and size of tﬁe.o?}{}: the atomizer disks and in the flame
plate, and by the injection-air pressure, ction pressures vary from 750 to 1,200 psi,
.the usual pressure being about 1,000 psi. Air injection™fulfills the five main requirements \
adequately but has the following disadvantages' -the compressor absorbs a comparatively large ‘
amount of power. 1s rather heavy and bulky, and is not suitable for high-speed. small-bore Voo .«
eng‘nes' . ¥ i N ' ot
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EXERCISE:, Answer the following questions and check your responses aguinst those listed at
Ahesend of this study unlt .

1. List the five main requirements for the fuel 1njecttoo*system.

A B . |
~ .] ) '-ﬁ' \..\.
[} — k . -

1

- . : ' / . . ’ «
2. Two .methods of fuel injection are. : '
a. diesel and gas. - c¢. air and solid. | : "
b. afr and water. d. dfesel and mechanical.
. 3. Three types of mechanical injection systems are ' ' ’
\ - . s ", and - . ‘¢ -

- o . -
: R R - .

"+ Work Unit 3-2. MECHANICAL INJECTION SYSTEMS - ' 1
-  IDENTIFY THE, COMMON-RAIL SYSTEM. <
\ ;oENTIFv THE PUMP INJECTION SYSTEM.
N - | STATE THE PURPOSE OF THE JERK PUMP.

-
-

" IDENTIFY TWO TYPES OF FUEL NOZZLES. ;

. . DESCRIBE TWO TYPES OF CLOSED-END NOZZLES. (

4” IDENTIFY THE/UNIT INJECTOR SYSTEM.
~ IDENTIFY THE DISTRIBUTION SYSTEM.'

As already stated, all.mechanical-injection system ay be subdivided into three mafin
groups: common-rafil, ividua]—pumps and distributor systems. The differences in
construction in engines of different manufactures are such that it may help in their
© discussion to subdivide further the main groups.  The common-rail system may be divided into
' the basic system and a modificatjon, such as that used in Cooper-Bessemer engines. The
individual-pump system may be divided into the original system, with a separate pump and fuel
injector for each cylinder, and a modification,'in which the pump and injector are combined 1n
. one unit. ) :
@ " Atomization is a term applied to ‘the breaking up of the fuel stréam into mist-1ike
” sprays: With mechanical injections, atomizatfon i obtained as follows: the 1iquid fuel,
subjected to a high pressure, gasses through a small opening into the combustion space filled L
with air, the pressure of which is considerably lower. ‘As a result, the fuel streams develop '
high velocity. This creates great friction between the 1iquid stream and the air in the
combustion ‘space. Due to this ‘friction, minute particles of fuel are broken off the stream,
then the ‘freshly exposed paﬁ%1cles are again broken off, and so on, until the whole 1iquid .
_ stream is broken up into very small Barticles or globules. Atomization 1iterally means
° breaking up into atoms. Actually, each globule is not one atom but consists of many gtoms.
Therefore, the term atomization‘~while an exaggeration, gives a general idea of the % m of the
\progess. _ )

In mechanical 1nJection the distribution of the fuel in the combu 1on chamber, ~
generally speaking, is obtained.by two means: penetration and air turbulente. Penetration is e
the distance through which fuel, particles are carried by the kinetic energysgiven to them when ,g
they leave the fuel nozzle. Frigtion between the fuel and the air in-the combustion space L

: W‘\ )

&

- gradually absorbs this energy. Penetration depends upon various characteristics of -the -
fuel-injection system, chiefly’upon the injection pressure apd the size of the nozzle hole, - ‘
and 1§ reduced by finer atomization. Thus, the best andifions are obtatned by a compromise ' oy
between minimum necessary penetration 'nd the desirabl fineness of atomization.“ ) o
\ ) o

1*‘1 4 . | | -
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Air turbulence, discussed in Study Unit 2 is independent of the fuel injection system

and is only an additional tool in obtaining good combustion.

a. Common-rail system. This system consists of a 1 h-pressure, constant-stroke and.
constant-delivery pump which discharges into,a common'r i? or header to which each fuel
injector is connected by tubing. A spring- loaded by-pas valve on the. eader maintains a ™
constant pressure in the system, returning a1l excess o011)to-the fue upply tank. The fuel‘\
injectors are operated mechanically. The amount of o1l injected into “‘the cylinder at each
power stroke is controlled by ‘the 1ift of the fuel admission valve. The operation of the
injection system is shown in figure 3-2. . The fuel cam gives an upward motion to the push rod;
through the rocker arm and intermediate lever this motion is transmittted to the needle valve;

_the space above the needle valve seat is connected at all times with the fuel header and

sealed from the top by a _packing gland (fig 3-3), When the needle valve is 1iftell from its
seat, the fuel, is admitted to the combustion space through the small holes drflled in the

injector tip below the,valve seat. Passing through these tiny holes, the fuel is divided into -

small streams which are broken up or atomized as previously explainéd. The amount of fuel
injected 1s controlled in accordance with the power requirement by means of a wedge (fig 3-5),
which changes the lash. When the wedge is pushed to the right, the valve lash 1s decpefsed. -
The motion of the cam follower will then be transmitted ear?ier to the push rod. The- fuel
needle will be opened earlier, closed later, and its 1ift will be slightly greater.

Therefore, more fuel will be admitted per cycle. When the wedge is pulled out to the left

the valve lash is increased. The needle valve will be lifted later and closed earlier, and
less ‘fuel will be admitted. The position of the control wedge is changed either by the
governgr or, in.variable-speed engines, by hand.- The fuel-injection pressure is deusted to
suit’ the operating conditions by changing “the spring pressure in the by-pass valvd, called -
fuel-pressure regulator. Fuel-injection pressures from 3,200 psi to about 5,000 ‘psi are used
at rated load and speed, depending upon the type of engine In order teo reduce the pressure
fluctuations in the system gaused by the intermittent fuel discharge from the pumpy and
withdrawals by the fuel valves, the volume of the fuel in the system is increased /by attachi
to the fuel header an additional fuel container called the accumulator-which has relativel
large capacity. The area past the needle-valve seat and through the passxge between the valve
seat and the valve tip containing the orifices is several times as large as the area through
the- orifices on the tip. The control of the fuel jets is largely b he orifices. The valve
tip commonly used with this system has several holes or orifices. .o

4 L]

-

Fig 3-2. Contro]'of fuel admission in a common-rail system.
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¢ common-rail system 1s not suitable for high-speed, small tg )\ because it
1:dd1ff1 1t to control accuratedy the smal quantitres of fuel inject¥d into each)jcylinder at ~
K h power. _ -y

2
L]

. The COopnr-Bessemer system is similiar but"differs from the original common-rail
system chiefly in that the functions of the fuel needle valve are divided between two separa}
pleces of equipment, the fuel injector and the injection nozzle, as shown in figure 3-4
‘Rnother difference lies in thg fact that, the pressure regulation is accomplished by the
high-pressure pump {teelf, - S

Iheﬁ:mp plunger, on i1ts—qownward stroke, first-closes small holes that connect the :
pump birrel ‘with the fuel admissipn 1ile. A further downward motion increades the o1l
pressure in the pGmp until it dens the spring-loaded dischange valve and (delivers the ofl .
into the injection system. -During the return stroke the spring moves the plunger upward; this
creates a vacuum. When the plunger uncovers the holes on top, o1l from the suction side
enters into the pump. The o1l from the fuel-611 pressure tank on its way to the suction side -
_ of the pump is admitted first to the inner side of a sleeye. This sleeve and a second sleeve
surrounding 1t have two mating holes. BY turning the s&éyves. one relative to the other and
~to the housing, the amount of fuel adnitted to the pump is adjusted. to meet the 1oad and speed
requirements.” The outer sleeve s se@ and turned by the governor so as to admit the amount of
fuel corresponding to the-load ¢ gd by the ne. The inner_sleeve is turned by a
mechanism set t& maintain a prescribe constant pPessure in the system. .If the pressure, goes
up, the sleeve is turned to decrease the effecKive area of the opening between the two _
sleeves. The amount of fuel takga&by the pum§ 1s thus reduced, and .ps a result, the pressure
in the system goes down. On the’dther h nd #When the pressure bed{ns to drop, the sleeve is
turned in thé opposite direction, the fve ope oea is increased, more fuel goes
into the pump, and the pressure goes up. The in fon nozzle consists of a spring-loaded
plunger with a conical end which acts as a valve. It is raised from its seat by the oil
pressure when theavalve in the fuel injegtor is Opendhj The nozzle 1s returned to its seat by
the spring in the upper part of the nozzfle when the infector valve is clo and the ofl
pressure betwegn this valve and’ the norile begins to drop. A quick clo$$zgdto the in ction
nozzle and elimination of after-dribbling of the fuel.into the combustion space is obfained as
follows: the lifter plunger is drilled lengthwise at its center from the valve end to a point
in 1ige with the\gecess .in the injector“ody (fig 3-4). "Another hole, drilled at¢ right
an to the central hole, connects with 1t, forming a passage from the 1ifter end to the
recess and through it"to the drain tank. ‘ﬁhe bottgm of the injector valve'is lapped to a seat
witW the end of the lifter plunger so that when the‘twohzte brought in contact during \
injection, the % passage through the plunger is sealgd soon as the fuel-cam releases the
1ifter plunger, the_valve is closed by its spring (fig 3-4). The:oil prefsure on the end of
the lifter plunger will move it downw and a small amount ‘of fuel oil is spilled to the R
drain tank, relieving the o1l pressure ﬂ the ndzzle. The lifter spring will then return the
lifter plunger to a conpact with the valve. This arrangement also acts as a safety feature
which prevents the fuef 011 from passing.into the engine cylinder except when necessary, even
" if the injector valve should leak at ,its seat. The system gives good results but, like any
common-rail system, 1s not suitable for small-bore engines. \ '
[ S . . -

»\’»/‘) | o ) \ - 7 .

*
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ool ' | Fig 3-4. " Cooper-Bessemer fuel-injection system,

~

.b. Individual pump

(1) Features of pump-injection Aystem. This system, also known as the Jerk-pump
. system, has two essential parts to each cylinder, the injection pump and the fuel
nozzle. The requirements which a pump in this system must fulfill, both in
respect to metering and t1m1ng, are such that they can be.met only by a prec1sion

d p1ece of equipment. -

Q - _ . N . . _ , ‘.‘~ -
' .‘” _ o 3-5 6{? ' .

(

A\



. *Acgdracy.-ﬁgn operation on a high-speed diesel engine, these injection
pumps must’measure and deliver, under high pressure and at exactly the
F required time, an exceeding small quantity of fue].‘ﬁ_

. .« Metering. The volume of the fuel injected is extremely small &ompared ’
’ with the piston displacement. At full Yoad, the volume of the fueél
injected is about 1720,008of the piston displacement. When the engine is
T 1d1ing, the volume of fuel required is only about A/5 of that at full
"load; this gives a volume ratio of about 1/400,000.

, The difficulty of accurately measuring such small quantitdes of fuel so that all d X

cylinders receive exactly the same amount is quite evident. Y. ' P
Timing. An idea of "the accuracy of timing required may btained from
the following eonsiderations. Ordinarily the period dufing which the fuel
. is injected qus not exceed 200 of crank travel. If the engine speed is

, ~ 2,000 rpm, the-whole injection periodf corresponds approximately to 60 x
&F0/360) - 2,000 = 17600 sec: '
_ S .

The. start and>end of injection cannot vary more than appro??mately 10 of crankshaft &
“rotation. . ’ T . o3
- . Injection pressures. Such minute quantittes must be injected wjthin such ﬁi
’ : close time limits under pressures which may run as high as 6,000 psi and
. in some injector types even up to_ 30,000 psi; most hjgh-speed engines, -
however, use injection pressures of 2,400 .to 3,000 fsi. )

-

: erk-pump type

Precision workmanship. Al 1nJg;tion fuel pumpsf
’ lagping. Lapping

“ have p]ungers fitted closely to"the pump barrels
~ means finishing hardened surfaces by working the nst the surfaces of.
] 1aps.w1ph an exceedingly fine abrasive;mgterig]. rom a nuﬂeer of A
L plungers and barrel which above have beef lapped truly round®and
4‘: . cylindrical but differ slightly in diameter, the plungers are fitted to
. : their barrels by selective assembly. In this way a fit-is obtained with~a
W . clearance less than 0.0001 1nch.§ Such a fit gives very. little leakage
\‘ » even with the high pressyres created. No packing of ‘any kind is
B ) - necesgany,( Due to the method’6ﬁ%§‘§t1ng a plunger to its barrel, these

L . partsdare not interchangeable. plunger or harrel is worn or damaged, .
b both pieces must be replaced. | . ) . .
—g“" . Preséure waves. @uel oil, like all. 1iquids, is compressible,” Therefore,
- when the pump plunger at the bgginning of the actual delivery strikes the
oil in the pump barrel, the.oA1 is not accelerated at once in\the whole / ‘
- fuel line. The motion of th unger increases the pressure first in th@‘lf\)
particles of the g1 nearest tosthe plunger: This pressure increase is R
*  transmitted gradually through the ‘line-until it reaches the nozzle. On g
v the other hand, due to-its inertia, the 1iquid column in the line has a
. tendency to move away from the plundger. Thus, the initi&l blow of the
* plunger sets- up a compressive wave.in the fuel 1ine. When this wave °
reaches the nozzle which presents a certain resistance, it is reflected
and travels back to the pluhger, incread\ng the pressure created by the »
'p]unger. After it reaches the plunger, 1Y returns to the nozzle. This
f

- luctuation. of the pressure at the discharge and of the-fuel line distufbs x
., the funggﬁschdvge ough the nozzle. ring the moment when the .
pressure”at the nozzle is low, the fuel-discharge is decreased and the

atomizatioﬁ;beCOmes pooren.‘ The disturbances are particularly not ble
in engines. operating at variable speed. In addition, the pressure“waves .
may produce vibriation of. the tubing connecting the pump and the rioxzle and - - -
cause its breaka The building up of pressure waves is af{§pcted pany -
factors, the chief ones being the inside diameter and length of the
. . fuel-line tubing. Tﬂ'! proper..length and diameter are determineg by th
+  engine -builders anysshould nev'en-be/changed ‘N chang® may cause seriops

’ ’ o rouble.
_ ;‘ . _ /,\,,/
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(2) Jerk pump. In order to obtain proper atgmfzation of the fuel spray, injection
~ pressure, in the fuel 1ine must consistentTy be maintained sufficigntly high from
the very start to the end of the injection. Also,ssince this pfessure 1
proportional to the plunger speed, the latter, too, must be reasonably h¥h during -
the whole {njection period. This high pressure is obtainkd by using for the fuel
"/ delivery only part of the_plyn?er stroke, after the plunger has acquired a certain
: speed, and discarding the inftial part of the stroke. This method produces a

sudden acceleration of the fuel in the line, causing a jerk, bence the name for
the pump (fig 3-5). %& . ,

-
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Fig 3-5. Jerk pump with rotary by-pass valve.

In most jerk pumps, the total plunger stroke is constant .and the metering is : L
controlled by varying the length of the effective part of the plunger stroke by one of the @§,

following methods: : _

The fuel is admitted into the pump barrel through ports in the barrel
controlled by a spiral groove -or scroll, also called the helix, on the
plunger. The plunger can be turned in“the barrel while moving back and
forth. This changes the portion of the plunger stroke:during which the
ports are_?overed and the fuel is delivered to the nozzle,

[

The fuel is admitted into the pump barrel through pbrﬁs in the barrel - §§
which are controlled by a separate valve, _ . ; '

- . '
(3) Plunger-controlled pumps. The principle of this type of phmp can be better
understood by referring to figure 3-6. At the bottom of the plunger stroke (fig Y
3-6a), the suction and pressure release ports are both in communication with the _
, inner pump space. When the plunger has moved a certain distance and covered both
, ports, fuel delivery begins with a jerk and lasts unti)l the lower edge of the
. spiral begins to uncover the release port (fig 3-6b):. At that point the pressure
drops and fuel delivery stops. The plunger continues to travel a short distance
» - to the top of its stroke and then begins to move downward. If the plunger is
turned about 600 (fig 3-6¢), the distance between the top edge of the plunger
and the edge of the spiral sliding over the release port is shorter, and the fuel
delivery stops earlier. Finally, if the plunger is turned 900 moke, the release
pont stays uncovered, and no fuel is delijvered. . - '

. ’ ! '
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' Fig 3-6. Barrel with various plunger pos*tions,
g ' ) .

In the operation as shown in figurg 3-6, the beginning of the effective stroke always
occurs at the same moment, but the end of the injection changes with the engine load. It ig
later with a higher load and greater fuel delivery, and earlier with a lower load and smaller
fuel delivery. The middle of the injection stroke is advanced with a load increase. R

t This condition can be reversed by making a spiral edge on the top of the plunger and a
square groove at its bottom. In this case, the beginning of the injection will be earlier
with an increase in the Aoad and later with a decrease in it, while the end will always be
constant. The middle of the injection will be retarded with an increase of the load, a o
_condition, hoyever, which is not desirable. By making both edges spiral, inclined in opposite
directions, thie middle of the injection stroke can be kept constant for all loads. Natﬁra]ly,,
the compressibility of the fuel and the mechanicdl flexibility in the pump' mechanism will '
. retard the actual start of injection into the 6&1 nder, producing an injection lag.
(4) valve-controlled pumps. Figure 3-6 may serVe to explain the principle of such a S
) pump. The pump plunger has a constant stroke and is a plain cylinder. The fuel -
' delivery iscontro]]egxbzgthe.rotary valve with a wedge-shaped end. When the

’

* plunger, traveling to the left, approaches its middle position, the rotary valve
closes the admission gbrt, having moved the 'slanting fuel-cut-in edge across it.
When, due to rotation of the valve, the other slanting edge reaches the port, the
inside of the pump comes in contact with the low-pressure space, the pressure is
released, and fuel delivery fs cut off. The rotary,valve can be moved axially, by

X the governor or by hand, and this changes the distance from the cut-in to the
cut-off slanting edge and with it the duration of the fuel-injection period.

The plunger of plhngef—contro]]ed pumps §s pushed by a cam with a cam follower during
the delivery stroke and returned by a spring. The pumps are built either as separate units
for each engine cylinder or as a multi-plunger, in-1ine unit fer a;l cylinders.

The pumps with a rotary valve are conveniently built around this va]ve.df;be axis of
. the individual cylinders, instead of being in one plane, is at an equal distancd/from the axis
K of the driving shaft and is equally spaced around it and the céhtrally located rotary valve.
‘Mystead of cams, a swash plate, also called a wobble plate, is used as, the driving member (fig
3-7), and. is yzyed to the.drive shaft. By the use of shoe-plates containing spherically:
shaped sockets, the rotary motion of the swash plate is converted into a.straight-line \'
back-and-forth motion which is transmitted to the ball-ended tappets. Each tappet operates
\ one pump plunger. The plungers and-tappets are returned by springs (fig 3-7). The drive
shaft also turns the rotary v which is located on the same axis as the shaft. The main
body of the pump s symmet the drive shaft. _It can be conveniently flange-bglted to
the timing-gear housing of the ' . ' :

.4 -

Fig 3-7.  Section of a rotary valve.
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~usually Ts a simple spray nozzle with a check valve which prefents the high-pressurel/gases in

¥

c. Fiel nozzles. The nozzles are either for the open or the é]qsed ‘type. The epen type

the engine cylinder from passing to the pump. Although simple, 1t is generally not d
because {t does not give {Jroper atomization. . The closed-type nozzle is us‘gd more commonly .
Basically, it is a hydraulically operated, sprijng-loaded needle valve. Most closed nozzles .
open inward under the pressure acting on the differential area of the needle valve and are
seated by a spring when n\zp'ressm‘e 1s cut off (fig 3-8). The larger cylindrical part of the
valve has lapped fit with the nozzle body. :There are -two main types of such nozzles: the
pintie-type and the hole-type nozzle. The valve of the pintle nozzle (fig 3-9a™and 3-9b) is
provided with a pin er pintle ?rotruding from the hole in the bottom of the nozzle in which
there is_a close fit, The fuel delivered by such a nokzle nust pass through an annulgr or
ring-shakd orifice. _The spray is in the form of a hollow cone whose outside angle, szich may
be any angle up to 800, is determined by selecting certain dimensions. A valuable. feature

of the pintle nozzle 1s its self-cleaning property which prevents carbon geposits from
building up in and around the orifices. :
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Figure 3-8. Bosch fuel-injection nozzle \
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& ’ Figure 3-9. Types of closed.nozzles, - .

In 'thethole-type nozzle. there may be one (‘fig 3-9¢c) or several spray ori ices (fig
3-94) in the form of straicht, ®und holes drilled through the tip of the nozzle ody below
the valve seat. The spray from the single-hole nozzle is relatively dense and has a greater

. pepetration. The general spray pattern of.a mul ti -hole nozzle, which may or my not be
syﬁgg

trical, is determined by the number, size, and arrangement of the holes. Orifices used
are from 0.006 in, and up to 0.0225 in.in diameter, and their ‘number may vary from 3 up to as
many as 18 nozzles for large-boré engines. Mul ti-holé nozzles are used generally in engines
with’n undivided combustion chamber. R

AN
Figure 3-8 shows a pintle nozzle assembled in a nozzle holder with the spring and

connections for the fuel-pressure 1ine and 1eakage drain. The pressure necessary to open the
p,eed]e valve my vary from 1,500 psi to :about 3,000 psi. ~

: . ’ ‘ LY ‘ ’ 4
Fﬁure 3-10 shows a hydrauHcal]_y{peratcd fuel nozzle which opens outward. Itfis of o -}
the pimtie typé, has an opening pressure Of about 1,500 psi to 2,000 psi and produces a [y
cone-shaped spray. The advantages of this*type of nozzle are its compactness‘and 1ight :
weight. These factors mke it particularly suftable for small-bore high-rpm engines. - |
O G . . -
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d.. Uniﬁ'injectbr. The unit injector §ombines a pump and fuel-spray nozzle in dne unit as
shown in figure J-TT. The pump is of the }g?k type with ports controlled by helical-grooved
edges in the plunger. The amount of fuel is controlled by, turning the plunger. The hozzle is
of the open type with a spherical check valve. The spray fip has several small-diameter
orifices. However, there are also unit injectors in existence which have closed-type nozzles
w{tt\hydraulically operated differential needle. yalves and multi-hole .nozzle tips. :

oo EElEe
. ] B S~
" Fig 3-11. Unit injector with spherical check valve. ' .
‘The pump plunger receives its downward motion, the delivery stroke, from fuel cam

throhgh a rocker arm which acts on the plunger follower. The plunger is returned by the
plunger spring. The fuel, under a pressure of about 35 psi, 1s admitted through a smal)

filter (fig 3-11) and f111s the annular supply chamber around the pump plunger barrel, called .
“a bushing. As the plunger moves downward, fuel is displaced into the supply chamber, at first

through the lower port, and later, when the lower edge of the pluhger closes this port,

* through a central and a transverse part or crosswise drilled holes in the plunger and the

upper port. When the upper helical edge has covered the upper port, the fuel from the pump

" plunger barrel {is forced down -into the nozzle body, opening the spherical check valve, past

the flat check valve, and into the spray tip. From there it is forced through the orifices
into the cylinder. The fuel-injectiompressure is raised approximately to 20,000 psi as the

‘fuel passes through the nozzle. Injection continues ‘until the lower helix on the plunger

ugcovers the lower”port in the plunger barrel, The fuel then begins to by-pass through the
holes in the plunger and through the lower port into the supply chamber, This releases the
pressure on the fuel in thq plunger barret. ~Jhe check valve spring causes the spherical check
valve seat. -On the returnfstroke, the upward movement of the plunger fills the plunger barrel
with fuel oi1 which flows from the supply chamber through the lower port. ‘The function of the

flat check valve is only to close the inside of the nozzle against gases from the cylinder.
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Turning of the plunger in order to change-the effective length of the stroke is .; s
accomplished by a gear and' rack connected to the governor or hand throttle. The middle part A
of this plunger has a hexagonal cross section which siides through a corresponding hole in the -
geat, thus forcing the plunger to turp with the gear. The effective stroke 15 determined by v
the relative positions of the heliges and the upper and lower ports. ) _' v .

. The advantage of the unit-injector construction is in the absence of long fuel lines -
which cause pressure waves and sometimes mechanical trqubles. However, one disadvantage lies L
in the Yifgh pressures created. Such pressures result in faster wear of the spray orifices and . e
%he\ggss to dismantle a considerable part of the valve gear in order to take out one unit’ .
injet . Anather disadvantage is the greater chance of fuel leaks into the engine .sump and
dilution of the lubricating oil. " ' ' . -

o

e. Distributor .system. The distributor type of fuel injection system is used on small . "
and medium size diesel engines. It is a popular system because of its lightnhess, .low cost, | 3
simplicity of deSign, and the ease with which 1t can be adapted to small diesel-engines. In
this system, fuel under 130 psi to 150 psi pressure is supplied by a gear transfer pump, as
shown -in (fig 3—]?). through an indexed rotating distributor t6 a metering plunger during its
downward‘strake. This plunger has a variable stroke, controlled by the governor, and receives
its upward mdtion from a multi-lobe cam and the downward motion spring: During the, upward
stroke, this plunger sénds the fuel through other passages in the same distributor to the

individual injectors on each engine cylinder. The fuel enters at the top of the injector (fig .4
&3-13), flows through an inlet passage past a spring-loaded check valve, and fills the chamber -
" “under the. injector plunger which, except at the end of-injection, is off its seat. Thé -

injector plynger s operated-by a cam through a rocker lever and link. As the fuel is
delivered from the distributer tp the injector during the suction stroke of the engine, ‘the
injector plunger is gradually lifted and the fuel fills the space in the cup under the * * ,
pligger. At the time of injection the plunger is pushed downward and the fuel, prevented by ¢
" the™dheck valve from returning to the distributor, is injected §nto the combustion spdce., It S
is finely atomized by being forced under a relatively high pressure through six small holes, L r
0.006 to 0.008 in. in diameter, depending upon the size of the engine. , Lo '
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. The advantage of. this system is the" absence of high pressure Hnes and pressure

\ waves. Its disadvantage is the relatively large inertial of moving parts, making it
unsuitable for very high speeds. Another disadvantage, more or less eliminated in the :
new-type injector, is dilution of the Jubricating oil in the engine crankcase due to fuel ol -
-leaking-past and up the injector plunger.

»

EXERCISE: Answer the foHowing questions and check your responses against those Hsted at
d e the end of this study unit. ‘ _ -

1. In the common-raﬂ systefa conpsists of a high pr'Sssure, constant -stroke and
constant-delivery pump:whit¢h-discharges into "a . to which ‘each

S,

injector is connected by tubdng. , - - .

: ’ t - '

a. tub c,* common-rail header : o,
_b. pump . BRI a \ . ds ‘ tank L . S .. ‘

u

2. The conmon-raﬂ system 1s not suitab\e for M?: speed low hore engines, because
£ _ _ ) - )
. a. ~fts_fynctiohs are too. slow. - B : .
b: there is difficilty in controlting sman quantities of injected fuel.
I » ¢. 1t lacks of pquwer, : N |
« d. f{ts speed cannyt be controlled during higher pressure. ’

v

\ ' .
. 3. The system thams wo essential parts two each cyHnder, the fnjection pump and ~
fueL nozzle.is the’ . , _ :

-

T - a. ‘common-rail, . -¢. unit fnjector system.
b. pump. Injection system. - d} Cooper-Bessemer. -

4. State the purpose of the je{rk pump. ..j \ | |
+ %‘ _ i . . )

[y

5. Two types of fuel nozzles are the " and e
a. afr, solid. . c. open and closed. = - .. .
b. valve plunger. ' d. rotor and fork. - _— oL

N g - , '

.6. "Describe the pintle type nozzle . . - .

s -\ * v * T
¢ « 8 by 1
. . * ’ L3 . - R R
7. Describe the hole-type nozzle. - )

"

A

®

~— T -

v - 7
, ' 8. The system that combines 2 pump and a fuel, spray nozzle 1n one un1t 1s the z
a . C. pump- 1njel:tor system .. . : }
b. d. ucit 1njector. L . “‘
9: The system that 1s 'u ed because of 1ts thtness. low cost and simpl‘lcity of{a” K
"~ design {s the R _ :
A . ¢ . . N . RN 4
a. distribu_tor system.” - c. unit 1njec§,or/system .
d. 'common-rail system, ; ‘d. metering system, .
¢ I TR o
3 . . i . .
- 7 ' -~ ° ~
v .
» . - (_ - .
‘ . Y 69
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Work Unit—3-3, COMBUSI}ON WITHIN THE DIESEL ENGINE

;' DEFINE THE THREE MOST IMPORTANT QUALITIES OF DIESEL FUEL.
IDENTIFY FOUR TYPES OF COMBUSTION CHAMBER DESIGNS.

2

‘ IDENTIFY FOUR TYPE

. The fuds used in modern highcspeed diesel engines are a product of the petroleum

- refining process.. .They"are heavier than_gasoline because they are obtained from the leftovers

) or residue of the grude oi1*aftep the mora volatile such as gasoline and kerosene have been

“" ,removed. The large, slow-runni g diesel engdpes used in statYonary or marine installations

f will burn almost any grade heavy fuel oil, byt the high-speed diesel engines used in

automotive installations r?ire a fuel oi1 as 11ght as kerosene. Although diesel fuel is
different from zasoline, its specification requiremeqts wre just as exact ng as those ¢f
gasoline. Of the various properties-to be consideredNin selecting a fuel for diesel engines,

t

the most important are clganliness, viscosity,’and ignition quality. N

_ a. Cleanliness. Probably the most necessary property of a diesel fuel is cleanliness.
.The fuel should not contain more than a trace of ‘foreign substance; otherwise, fuel pump and L*lij
injector difficulties will occur. . Diese fuel, because it is hgavier and more viscous than

" gasoline, will hold dirt in suspension for longer periods of time. Therefore, every *,

precaution must be taken to keep dirt out of the fuel system or to eliminate it before it

reachgs the pumps. Water is more objectionable in diesel fuels than it ‘is in gasoline because
it Wi}l cause ragged operation and corrpde the fuel system. The least amount of corrosion of
the JPcurately machined surfaces in the injection equipment will cause it to become

" inoperative. ) ' -

£ _ .

X b. Viscosity. The viscosity of an oil is an indication of its resistance to, flow. The
higher the viscosity, the greater the resistance to flew. The viscosity of a diesel fuel must
be\sufficiently low to flow freelygat the  lowest temperdtires encountered, but it must also be
hygh enough to lubricate the close*; fitted pump and injector plupgers properly. It must also

bé sufficiently vistous so that leakage at the pump plungers and dribbling at the injectors
" will not occur. ‘The viscosity of ‘a fuel also determines the size of the fuel-spray droplets
which," in turn, govern the akémization and penetration qualities of thi,spray. : '
v

' c. Ignition quality. The igpition quality of a diesel fuel ‘is its ability to ignite
. §bontaneous]y'under the.conditions existing in the engine cylinder. - The spontaneous-ignition
| poipt-of a fuel is a function of temperature, pressure, and time. Since it would be difficult
to reproduce artificially these factors as they exist in an engine cylinder, the best
apparatus for measuring the ignition quality of a fuel is an actual diesel cylinder running ,
uhder controlled operating conditions. The yardstick used for measuring the ignition of -
A diesel fuelsjas the cetane-number scale.. The cetane number of fuel is obtained by comparing N
" the operation of the unknown fuel in a special tgst engine with the operation of a known N :
. reference fuel in the same engine. The referencé fuel is a mixture of . ) : )
' alpha-methyl-naphthalen, which will hardly ignite when used alone, and cetane,  which will _ . r
readily ignite it temperatures and pressures obtaineds in a-diesel cylinder. The cetine number
" indicates the percent of cetane in a reference fuel w(sch will just match the ignition
{§§¢ properties of the fuel being tésteg;// - L ': ) /\ )

) It has been observed that diesel engines knock, particularly at 1ight loads. This,
knock is believed to be gue to the rapid burning of the charge of fuel accumulated during the .
delay period between the time of injection and fgnition. When the fuel is injected, it must '
first vaporize, then superheat until it finally reaches *the spontaneous-ignition ﬁ;mpgzgture S
under ‘the proper conditions to start combustion. Time is required for,sufficient fue)
molecules -to go through this cycle to permit ignition. As stated eardier, this time is
Called ignition lag or ignition delay. ODurirg this 'same time, other portions of the fuel aré
being injected and are going.through the same phases but behind the igniting portion. - _ \

“*Therefore, as the flame spreads from the point°of ignition, appreciable portions of the chargey

" reach their spontaneous-ignition temperatures at practically the same instant. This rapid

- burning causes a very rapid increase in pressure which is accompanied by a distinct and '

. audible knock . Increasing the compression ratio’in the diesel engine will decrease the
fgnition lag and thereby decrease the tendency to knock. Increasing the compression ratio in
a gasoline engine leads to .pre-ignjtion and, in addition, tends to make detonation worse.

. Knocking in the diesel engigp is affected by a large number of factors besides compression
ratioy however." The type o - combustion chamber, air flow within the chamber, the type: of
nozzle the injection pressuxe conditions, the Fuel temperature are all-factors as are the

. characteristics. of the fuel itself. For these reasons, more can be done in.the design of a
. - diesel engine to make it operate smoothly without detonation than is possible with the
gasoline engine. " * : )
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‘The fuel 1nject§d into the combus tion space of a diesel Engine must be thoroughly
mixed with the-compresstd air and distributed as evenly as possible throughout the chamber if
the engine is to function properly. None of the 1iquid fuel should strike the chamber walls.
It is essential that.the shape of the combustion chamber and the characteristics of the
injected fuel spray be closely related. There are many types of combustion chambers in use
today, but they are all designed to produce one effect -- to bring sufficient air into contact
with -injected fuel to provide complete combustion at a constant rate.. All modern )
combustion~chamber designs may be classified under one of the following headings: open,
precombustiom\pturbulepce, or divided chambers. Designs which fall under two or more headings
wil} be covered\under the heading which is the most applicable. ‘

a. Open champer. The open chamber (fig 3-14) is the simplest form of chamber, but its
use is limite sTqw-speed engines and a few high-speed 2-stroke-cycle engines. The fuel is

injected direcyly into the combustion space at the top of the cylinder. The combustion space, .

formed by the”top of the piston and the cylinder head, is shaped to provide a swirling action
of the air as the pistons comes up on the compression-stroke. There are no special cells,
pockets, or passages to aid the mixing of fuel and air. Thig type of chamber requires higher
injection pressures and a greater degree of fuel atomization (than is required by the other
types to obtain the same degree of mixing. - /,,_g : ’ !

Fig 3-14. Diesel engine open cbmbystion\Fhamber.

b. Precombustion chamber. . The precombustion chamber (fig 3-16) is an auxiliary chamber
at the top of the cylinder. It is connected to the cledrance volume above the piston through
‘a restricted throat or passage. The precombustion chambér conditions the fuel for final

<

combustion in the cylnder and distributes the fuel throughout the air in the cylinder in such‘

a way that complete, clean burning of all fuel is assured. On the compression stroke of the
engine, air is forced into the:precombustion clamber and, since the air is compressed, it
becomes hot. Thus, @&t the beginning of injection this-small chamber contains a definite
volume of air. ConsBquently, combustion of the fuel .actually starts in the precombustion
chamber, since the fuel is injected .into the chamber. Only a small part of the fuel is.burned
in this chamber-because there is only a limited amount of oxygen present with which it can
unite. .The small predetermined amoyht that burns creates heat which, in thrn, creates high
pressure within the,precombustion chamber. - As injection continues, this high pressure forces
the fuel at great velocity into the cylinder. There is ample oxygen present in the cylinder
to burn all the fuel completely, regardliess of the speed or load under_which the engine is *
operating. Fue) injection pressures need -not be as high with this type of chamber ‘as in the
open type. A coarser spray i§ satisfactory because the function of the chamber is to vaporize
the fuel further before it enters the cylinder. ol :

~
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Fig 3-15. Dies?l engine precombustion chamber. . -

c. Turbulence chamber. The turbulence chamber (fig 3-16) 1s similar in appearance to the,

precombustion chamber, but 1ts function is different. There {is very little clearagce between
the top of the piston and the head,.so that a high percentagg of the air between the piston
and the cylinder head is forced intd the turbulence chamber ring the compression stroke.

The chamber is usually spherical. The opening through which the’air must pass becomes smialler

as the.piston reaches the top of the stroke, thereby ingreasing the velocity of the air in the .

chamber, Thiﬁ'turbulehce speed is approximately 50 times crankshaft speed. The fuel
injection is timed to occur when the ‘turbulence in the chamber is the greatest. This insures
a thorough mjxing of the fuel and the air with the result that the-greater part® of combustion
takes plage” in the turbulence chamber itself. The pressure created by the expansion of the
burning _gases is the force that drives the piston downward on the power stroke. \

n __T/' . . .‘0 .

w : .

»

5 - e Fig 3-16. Diesel engine “turbulence ohdmbe_r.

e .d; Divided ¢hamber. The divided chamber, or ¢omb1nation preqémbuStiob chamber and
turbulence chamber, probably is better known by the trade name Lanova gombustion chamber. \
Like the open chamber combustion system, the main volume of air remaifs and the principal. |

t

system, the combustion is contralled. Like the turbulence-chamber type, the Lanova system
depends on a high degree of turbulence to promote thorough mixin§ and distribution of the fuei
and air, but unlike -it, - this entalls no:increase in pumping losses, Ninety percent of the
‘combustion chamber is directly in the path of the in-and-out movement of the valves, ~\The
turbwlence in the Lanova system is dependent upon thermal expansion and/not.on engine Ypeed as
are the other systems. _ LA :

» s . . .

-

compustion takes place in the main combustion chamber, but unlike the onqudhamber combustion
th i
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" Primarily, the"tanova‘S{stqn involves the combination of the figure-8 shaped _
combust ion chamber situated centrally over the piston on a small air chamber kpown as the .
epergy”cell, as shown in figures 3-17'and” 3-18. In it latest development, this energy cell is
composed of two separate chambers, an ifher and an outer. The inney chamber, which is the
smaller of the two, opens 1nt9 the narrpw throat between the two lobes of the main combustion
chamber through a.funng)-shaped venturi passage. - The larger outer chamber communicates with
the .inner one through a second venturi. 'rpirecthposite the energy cell is the injection
nozzle. : . L g ' o
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During the compression stroke, about 10 percent of the total compressed volume ﬁg!ies

into ‘the energy cell, thé remainder staying in~tge figure-8 shaped combustion chamber. e

uel 1s injected in the form of a pencil.stream which passes directly across the narrow throat
. Of the-combustion chamber, most of it penetrating into’ the energy ce{]. oA small portion of

the boundary layer follows thzicurvature_of the combustion chambér lobes and swirls into
vortexes within them, thus indfcating a weak combustion. The fuel entering the energy cell is
tyapped for the most part in the small outerscell, but a small part passes into the larger '
ouggr cell where it meets a sufficient quantity of superheated air-:to explo?e violently. This
explosidn produces an extremely rapid rise to high pressure within the steel energy cell.
This preSsure blows .the main body of thefuel lying in the inner cell back into the main
_ combystion chamber where it meets the main-body of air. Here, because of ythe shape of the

chamber, it swirls ardund an exceedingly high rate of turbulence, thus burning continuously as
it issues from the energy cell. Because of the restriction of the two venturi connecting -the
energy cells, the blowback of fuel into the combustion chamber is controlled so that this
operation consumes an ‘appreciable period of time. This control of the fuel produces a
prolonged and smoth combustion in which the rate of pressure rise gfkthe piston . is gradua)

EXERCISE: | Answer the following questions and check your resp05§és'aga1nst=those listed at
' the end of this study unit. . ' -
1.' .Define the following® ) » ,

vy -

Cleanliness - K S
v — _ : _ _ i

Viscosity ' .

g ’

Ignition quality _ - -

2. The simplest combustion chamber is the
a. precombustion chamber. C. open chamber.
b. turbulence chamber. - d. divided chamber.

3. The combustion chamber with an auxidiary chamber at the top of the cylinder is the

a. pre-combustion chamber. . c. ‘open chamber. Cr .
" d. turbulence chamber. d. divided chamber.

L 3

T 4. The chamber that has very little clearance Between the top of the cylinder and the
head is the o ' )

a. precombustion chamber. c. open chamber.

b. turbulence chamber. - d. divided chamber.
e 5.7 The combustion chamber that has two rounded spaces shaped like a figure eight cast
X ‘in the cylinder head is the « ' '
a. prqcbmbustion chamber. c. “open Chamber.
. b.” tdrbulence. chamber. d. divided chamber.
i J ) _
6. The combustion chamber that is better known as the Lanowa energy cell .is the
a. precombustion chamber. ) c. open chamber.f '
b. turbulence chamber. d. divided chamber.

?

Work Unit 3-4. QIESEL ENGINE LOADS

YPES OF‘ENGINQ;LOADS.

To control,an engine means to keep it running at a desired.speed, efther in accordance
with or regardless of the chdnges in-the load carried by the engine. The control of an engine
depends upon two factors:” its own performance characteristics and the type of load-which it
drives. The total load of an engine consists of two parts (1) the internal load, or friction
horsepower due to the friction, windage, and pumping losses within the engine itself and _
required by the attached engine-driven auxilaries; and (2) the external .1oad, connected to the
main drive shaft which takes the useful or brake horsepower output of the éngine. .

L RN
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As expipined earlied, the indicated horespower ‘1s équa)-to -the%total “load of the sum
“of the friction and brake horsepower. . The indicated horsepower necéeg@ry to balance this
- tobal load at any speed depends upon the pressures deyeloped during “M'on“of the fuel
angf the resulting mean indicated pressure. .The combystion process and t ean - pressure
deffelopad by it depend primarily upon the quaitity of fuel injected on the fring stroke, if

| other conditions remain substantially /the same. : - :

: Most diesel fuel-injectiop systems are designed so -that the amount 0f fuel delivered -
~—at_a fixe tting or position of the fue) contrgl 15 approximately the same per injection /
fegardless of\the engine speed. The total load at any speed, therefore, can be balanced by
regulatfng the\fuel contro) to the setting required to give the necessary mean indicated

pressure, gln odher words, the setting of the fuel control regulates the Spee:} of a diesel - )
engine under any lead. N ' _

. } Theffri;tignal 13
,ﬂ}nerease in the engine $peet

o

es or thé internal load of an engine increase rapidly with an

This also s usually true of the external load, so that, in

o 4., [;;genera\¢.gréatar mean Windicabed pressures are required to balance the total load at higher - .

' speeds. An example of this type of external load §s a direct-connected propeller. The sum of
the power required to drive a propeller-and the friction power gives the total power required
from the.engine at varipus speeds. With this type of total load, the speed of a diesel engine

“wil) increase only i€ mire fuel is injected and wil) decrease if less fuel is injected. Tiris
type of load, which 1ncr§t5ez/ﬁﬁth speed ‘tmore rapidly than the engine output increases with
speed, 1s essentially self-gbyverning upder riormal- operation. This is true because any fuel
setting will provide the'combustion ‘pressures which balancé the total load ait the éngine only
at one speed, TbnfspéedgundenithQSg'cgnditions,f;hen.'nill_var{‘in proportion to the fuel
setting. If the load-conditions were perfectly constant, manial regulation of the fuel
control would prQV1denydqquatgi§peed;qpntgqaé3}f;_ At _

' thenfauﬁkﬁgﬁhjgjﬁjopqrgt*bg a ,coﬁ}tyntf&peéﬁ, the internal load remains approximately :
the same.-" Updey these conditions, ‘the:comjlimtion preigurés necessary to balance the tota) /fy
; Yoad wil) vary directly with changés:in the external 1bad. An example of this type of load is
’ aldirtctﬁqonpectgd_éIectﬁ}digﬁthAtoﬁgxhjqh?ﬁprmalJy-must operate at constant spged. An
incrpase or decreaie in @lactri¢ load conhected to the generator will require cgrrespondingly
_greatey or. geguced combdy Yon’ pressyres tG keep the engine speed constant. erefore, in
- order to main _1b?ns;§y -speéd operation, 1t 1s-necessary to change the 'amount of fuel
- Injected in-proportionto the extersal load changes. ‘ | »
Wh

TP INEa
A

- 'tggygrﬁﬁﬁfg,inainQE“areﬂcohneCtgd,elgétrically or mechanicallyzto the same load,
they qeﬁhbt_ ependently vary in speed. Examplés of this type of load are the multiple-unit -
 diese) eleckPiC power systems and-the multiple-unit propulsion systems in which two or more SR
' enginesagiijblhj-in1e4pr0pgller.shaft.ijunden these conditions, the fuel injected in-each . . . .2 ‘&
engineg’ust{he'.eg&-aiéd so_that, the total load is distributed proportionally between the .
“eng{néé while their relative speeds are maintained. r ( — . s

=4

S " Mhen an engine 1s running without a load at slow idling spe€d, the fric fon power is" *  ~
- relatively small. The quantity of fuel, therefore, which must injected per firing stroke
+ __to balance the internal load is extremely small, especially in siall tngine cylinders. These
» 7 smal) fuel:quantities are difficult to inject regularly and as a result the idle-speed
' stability is poor; 1.e., the engine speed wil) vary. Furthermore, a slight adjustme the R
fuel-contro) setting at idle position wil) cause relatively large changes in the amou of
~fuel injected. This, in turn, results in.comparatively large changes in engine speed, making
~ it very difficult to regulate an engine under id1ing conditions. The problem of regulating
. the fuel coptrol "towmeet these various operating loads is often further complicated by certdin
" cRardcteristics of the fuel-injection system itself. Under these conditions it is not  °
ossible to regulate manually thewfuel control of a diesel engine satisfactorily and some type .

f governor’{s necessary.

¢

EXERCISE: Answer the following questibd% ind'cﬁéck y&ur responses against those listed at
the end of this study unit. ) ) ' T
1. Define t;;\types of engine loads. ) \ . ‘ SRR GV////

.a. -Interna] loads

b, External loads g
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w tHork Upit 3-5. FUNCTIONS AND USAGES OF THE GOVERNOR ON THE DIESEL ENGINE -
77 DESCRIBE THE' PRIMARY FUNCTION OF THE GOVERNOR. o | Tt
- "DESCRIBE THE FOUR CLASSIFICATIONS .OF GOVERNORS. '

- TDENTIFY -SIX GOVERNING CHARACTERISTICS.

¢ ) -
DESCRIBE TWO TYPES OF GOVERNORS. " .
GIVEN FOUR TYPES OF Mﬁ%ﬂthtA ND HYDRAULIC GOVERNORS AND FOUR TLLUSTRATIONS
| -+ DEPICTING FOUR. GOVERNOR ASSEMBLIES,<MATCH EACH GOVERNOR WITH THE PROPER VT :
-* . ILgUSTRATION ) . N
Governors are found on all the diese] engines that we have in the Marine Corps. There \.LJ‘
are many different types and uses, too many to cover ih depth. In the following pages, you
. wﬂl learn the basics that will’ apply to the majority of governors we presently use. - -
r
a. Functions. A governor is.essentially a speed-sensitive jce desigried to control t'é p) -
speed of an engine wnder varying Joad condifions. The type of 1| and the degree-of control - i
--desired determine thé kind of goveétror ‘to be used. Governors for diesel engines may be 7‘- , «
. classified according to thelr prima nctions as follows: v :
(1) Constant-speed gopvernors: to maintain the same ‘engine speed) from no load to fwf)
1th ¥ . !
, : . ) | ' .
(2) Vaniable -speed governors: to' maintain any desired enQine.speed from idle to top -
Speé(r ) v ./Lgd ».‘.' ‘x“& A - R e
(3) Syeed 1imiting governor5° “to Controi‘minimum engme ed or to limit its
. maxhhum speed only. " _ -\QJM . )
- . L
(4) Load- Hmiting governors to 1imit the 18ad which the € ij take at various
speeds Y S ' _
Some governons are designed to perform two' dr more of the above. fuflctions by -
incorporating their operating mechanics in the same unit® - ” . /
r b. Governing cj@racteristics. Goverors enmloyed f —acontro}Hng the speed of digsel * .
engines must have certdin characteristics; to fit the typ'grof load which the engine isto -
° drive, The principal characteristics which deter ine the degree of 'go¥drnor control of the *
_engine™may be defined as follows: v \
. PR _ o
T N - Speed drop is the decrease in- spe€d of the engine from no load to full
- * - ., load expressed in rpm, or as a percent of normal or aveﬁge speed, usually
‘ _ t e latter. . . Ty _
»
. lsochronous governing is maintaining the speed’ of the engine tru]y
conztant? regardless qf the 16ad--in other words;- with perfect speed 4
T o regulation or zero- speed‘dﬂm. .
: K ' wt )
. . Hunting is the contindous -fluctuation of.the engine speed, slowing down
oy~ " - and speeding up, form the desire¢ spe‘ed due to overcqntrol by the
£ )
~ - governor. L - _
r . Stability is the ability of the governor to mair‘l‘tain _the desired engine SN
speed without faluctuations or hunting. = . - - , L % o
- - W *

. . Sensitivity is the change i speed required before ‘the governor will make .
a corrective movement. -of the fuel control and is -genera]ly expressed as a
percent of the normal ‘or average speed . C s, 4" _
PR _ ) . 4
v Promptness isthe speed of action of the governor. It may be expressed in *g
- - termg of the time in {goonds required for the governors to move the fuél
‘o control from ng=load to full-load position. Promptness depends upon the , Lo
power of thevgoyernor--thg greater the power, the shorter the time - o C

' required to overcome the Fesistances.
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- (1) Hunting. It ¥s said that a governor is hunting:if its flyweights and control
sw“e do not assume at once a definite posttion corresponding the speed,.but
move up and down. Hunting occurs due to a lag in action of t control mechanism,
) indicating poor sensitivity and resulting in a large speed thange before any
e 14 , governor action takes placé. The &ifine will slow down or speed up too much

' ) bef?re any corrective regulation of the fuel control is made. When the controls :
\ bagip to move, they will continue to move even after the correct speed has been X
p obtained. This will result in an over correction of the engine speed in the’

& opposite direction. After that the governor will start to act in the opposite
direction. The éngine speed will fluctuate or hunt to this over control by the

\ : - governor. - - . _ .

Hunt ing may a¥so occur due to the slowness of action of the corrective control '
mechanism as, indicated by slow reaction time, if the power of the governgr is too small. This/
Yag in action will permit too great a change in engine speed to occur during a change in

5 engine load before proper correction is made, even if the governor is sufficiently
sensitive. Due to Wis lag,- the speed of the engine will be changed too much in the opposit
. direction’ before the governor action stops. Slow reaction time thus results in hunting, due
to overcontrol of the governor in the same manner as with poor sénsitivity. Any method of ,
réhu?:?g the friction in the operating mechanisms of a governor will tend to increase its (
“stability. ' " ' Co-

.. . (2) Sensitivity. .If an engine is running and its governor is in equilibrium, it
. . requires a considerable change in engine speed, due to a change in the load, ‘.
before the governor will begin to act and adjust the fuel delivery to correspond
to the changed lpad. This lag in governor action is caused by friction and lost
motion in the governing mechanism and is called sensitivity. Sensitivity is__
.. - determined by testing an engine first with an increasing and then with a
! decreasing load. Due to lag in the governor action, the speed corresponding to a
> " certain load which was obtained when the load was increasing is always lower than .
the speed corresponding £b the same load when decreasing. Sensitivity is
: expressed numerically as the difference the two speeds divided by their
average, in percent. Thus, the greater Whis figure, the less satisfactory is the
sensitivity of the governor. Usually the difference between the two speeds is
! greatest near half- oqg,conditions. J o
* ' ¢, Type$ of governors. The types of governors in wiich the centrifugal force of the
rotating welght 1s balanced by a helical coil spring are commonly known as spring-1daded
centrifugal governors. ‘Centrifugal governogs may be classified into two main types depending

upon the regulating force employed to operate the fuel control. These types-are: ;.
) 4 \J w .

' Mechanical governorsfid which the centrifugal force of the rotating
~weights directly regulates the fuel sup 1y by means of a mechanical

.. an'agornﬂich operates the fue]-cbntpyanism.' .
. .= Hydraulic governors in which the .centpfFfugal force of the rotating weights o

regulates the fuel supply indirettly by moviﬁ? a hydraulic pilot valve
. controlling oil under pressure, which operatés the fuel-control mechanism.

-]

(1) Spring -loaded centrifugal governor. A spring-loaded centrifugal govekrnor is
ustrated by the diagram in figure 3-19, showing the low~ and high-speed : N
positions of the weights. The governor has two rotating weights called flyweights .
or flyballs. These are fastened to the upper ends of ball-crank levers mounted on
* pivots; at their corpers to the yoke. "The yoke is usually connected by gears to
revolve with the engine. The inner ends of the toes of the flyweight levers bear
against the thrust bearing of the control sleeve, -which operates the S
fuel-regulating mechanism. The speeder spring, often referred to simply as the
governor spring, bears against’ the upper end of the contrg) sleeve and tends to-
move it, together with the fuel-regalating mechanism, downward in the direction to
supply more-fuel. The centrifugal force acting outward on the flyweights has- , o
» tendency to move the control sleeve, together with the fuel-regulating mechanism, ~
e °  upward against the action of the spring, in the direction to supply less fuel.
when the centrifugal force of the rotating flyweights is exactly balanced by the
force of the spring, the control sleeve assumes a fixed position, the
fuel-regulating mechanism_remains at a certain setting, and the engine speed

- remains constant so long ‘as the load does not change. . = . ¢
,i ) li . : 1 - A
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/// Fig 3-19, Elemeg}ary spring-loaded centrifugal g?vernor.

) If, however, the load on the engind decreases, the engine will begin to speed up
because the fue]fﬁegulatin? setting for the original load will supply more fuel than is
ecessary for the redoged load. As the speed of the engine increases, it drives the governor
ster also and increases the centrifugal force of the flyweights: This increase in
trifugal force moves the control sleeve in the direction to supply less fuel, compressing
spring further unti) the centrifugal force again is balanced by the increase in spring
force. The reduction in fuel.supplied prevents the engine from increasing in speed more than
s necessary for the governor to operate the fuel-control 'mechanism the amount required to
balqggf the reduced load. ‘ ‘ : .

Af, on the other.h;nd. the load on-the engine increases, the eggégg/will begin to slow
down because the fuel supplied for the original load 1s less than is n sary for the
increased load. As the speed of the engine decreases, the centrifugal force of the governor

'.flyweights also decreases. This unbalances the spring force which then moves the control

sleeve in the directidp to supply more fuel, until- the decrease in centrifuga) force is

balanced by, the decrease in spring force due to the increase in its length.

(a) cd;\stant-spee'd gB'vérno‘rs,.l With mechanical gbvernors i’*w/hi)i:h the control :
sleeve is direct1y connected to the fuel-regulating mechanism, the spring _
length must be chang::qa certain amount for every chamge in the setting of the

fuel control.” This reqyires a centrifugal force differept from that of the
flyweights, and, consefuently, a different engine speed in order for the
governor to balance.évery change in Tpad. Therefore, all mechanical governors
ave a speed drop and so cammot provide isochronous governing. By proper
esign, -however, the speed drop of mechanic¢l~§overnor5'can ge held to four to
fve percent, so that for practical purposes such governors may be classed as
the constant-speed type. ‘ ' :

-

N (b) .variable-speed governors.’ If the control speed of an engine must be changed
while in operation, a variable-speed governor is required which may be ,
! adjusted to maintain any desired control speed within the operating range of
) the engine. ’ o :

>

Theﬂgimplest method of obtaining variable-speed governing with spring-loaded
centrifugal govérnors is to provide a means for varying the initial compression of the speeder
spring as shown by the -diagram in figure 3-19. Thus, if the initial spring force is.increased
by compressing the spfipg. to a shorter length,the gngine speed must increase before the
centrifugal force developed by the flyweights can balance the greater spring forée.” If the
initial compression of the spryng is decreased, the engine speed necessary fér the centrifugal
force of the'flyxsights to balance the reducéd force will be decreased. ° : :

N (é)‘TJB-sgeed governors. In many instailattbnsljit ts desfrable that the governor

control the engine so that it idles at low speeds rather than at high speeds
under np-load conditions. In order to accomplish this with a mechanical
governor it is npecessary to provide two different springs. One is a soft
spring, which takes .a small force to compress it per inch, to provide better
sensitivity and lower speed drop at low speeds; the other %s a stiff" Spring,
which takes a larger force to compress it per inch, to provide sufficient
~ I - stabiljty at_high speeds. . .
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The springs mist be arranged to act &ither singly or in combination. An example of an
eleméntary form of this type of-governor is shown in figure 3-20. For low-speed operation,
the governor control is put in the position in which only the soft inner spring is acting, R
thereby providing better senst¥ivity and speed regulation under idle conditions. For
high-speed operation, the goyernor -control is put in the position in which both springs must
act together, which provides better control under full-speed condttions. L
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Fig 3-20. Two-speed centrifugal governor.

: ’

(d) Influence of friction. Friction has a pronounced effect on the _ -
characteristics of governors. The friction in a governor includes all the
forces which oppose ;Fe motion of the control sleeve and the fuel-control

mechanism. In a, sprifig-1oaded centrifugal governor, the force to move the
control sleeve must be suppMe by the difference between the centrifugal force
of the flyweight and the force of the speeder spring during.a period of
unbalance. In other words, the ichange in speed necessary to actuate the
governor or make it operate depends directly upon the total frgctiona]
resistance which oppose thé governor action. Any methods of decreasing the
forces which must be overcome by a governorto operate the fuel-control
mechanism will, therefore, increase its sensitivity. '

ébtry governor depends upon a change in speed for its corrective action. The extent
of the speed change necessary to produce this action determines the amount of the resulting
movement of the control mechanism. Thus, the more sensitive the governor, the less will be ,
the ‘corrective action required after a change of the engine load.* The.rapidity of the c trol .
movement , -which depends on the promptness of the governor action, alsa i{nfluences the amouft———" .
of corrective action required when the speed changes. Both these charactéristics affect the
stability or steadiness of tfle governor by their effect on hunting. :

(e) Shortcomings. Mechaqﬂca] governors have the following spOrtcomingsi .
1 They -have poof sensitivity, since the_speed'sensitive e]emeht also must
furnish the fgrce to.move the engine speed control. L - <"
: . o Lo
.2 Their power is re]atively'smh]] unless they are excessively large. o ‘iFﬁ"
» . L% . a i ) - ) ] "o 7:- . '
v;;///They have an unavoidable speed drop and, therefore, cannot provide real” = )
constant speeds- necessary when driving A.C. generators. which must be hg]dqtpi.? © Tl
v exact speeds. : » : ol o™ : i e
Practically all these shortcomings of mechanical governars.may be overcome through the
use of hydraulic governors. SRR N S ; ‘
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(2) Elementary hyraulic 9“ernohs. The only method .of "obtaining truly constant speed o
“or Tsochronoys govern¥hg from a spring-loaded centrifugal governor is to restore '
the speeder spring to its original tension after every speed change regardless of
the movement of the fuel-control mechanism. ~When the speeder .spring is kept under
the same tension,the centrifugal force of the flyweights necessaky to balance it | N
will be developed only at one corresponding speed. The governor, therefore, must
regulate the fuel supply to keep the ehgine at the same speed regardless of load.
. This can be accomplished with a springfloaded centrifugal-governor by using an
) indirect connection between the contrgl sleeve and thé fuel-control mechanism.
Supﬁ an inddréct connection to operate the fuel-contrpl mechaniém may be provided
by “an independent engrgy source. In hydraulic govergors, this is most B -
conveniently furnished by oil pressure produced by alspecial pump. X

An elementary form of hydraulic governor 11lustrated in_figure 3-21. The 4 _
speed-sensitive element in the governor is a pair spring-loaded flyweights and a helical. c
coil spring. The speed-sensitive element operated a pilot valve which¥ontrols the flow of

¥ oil to and from a hydraulic power piston shown at right. When the gdvernor is,operating at

control speed, the lower®end of the plunger of the pilot valve tegisters with and just #loses .

the ports in-the pilot-valve bushing and there is_no flow of o1l ?fig 3-21). When the A

governor speed rises above the speed at which the“pilot ports are closed, the flyweights move \

out, raising the pilot-valve plunger (fig 3-21). This opens the port from the power Piston to

drain into the sugp. The spring on the power piston forces the power piston down toward = ° :

no-load positjons, The ofl displace drains through the center of the pilot-valve bushing. . o

The fuel-contro) mechanism is connected to the power-piston rod end. When the governor speed

decreases be]OWctﬁs‘CUﬂtcﬁl spe€d, the flywejghts gave in, lowering the pilot-valve plunger

(fig 3-21). TWis opens tMe port to the pow r_pistgﬂap .
" pressure which acts on the power piston, forcing 1t ¢

nd connects it to a supply of oil ’
p toward full-load position, .

howmdy MVEQ

a .

Fig 3-21. ‘Elementary hydriulic governor. ¢

The length of the lower end of the pilot-valve plunger is exactly the same as the
7 width of the ports in the pilot-valve bushing, Since.the plunger is moved directly by the
speed-sensitive etemenb_ there 1s. only one speed at which the ports will stay closed. Figure"
+3-21 shows an elementary isochronous or constant-speed hydraulic governor. From the above .
~ disgussion it is clear that with this governor there is no direct relation between the
« - govérnor speed and the setting of the-fuel controls. If the governor speed drops below the
"4 fixed or control speed, the power piston will be moved upward and will increase the fuel .
supply. If the govepnor speed rises above control speed, the power ptston will be moved.down
toward decreased fuel. The power piston will be set at any required position between nd-load |
and full-load. The engine will operate, under equilibrium conditions exactly at control speed. .

a
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The pilot valves are constructed so that the fluid pressures are balanced and produce
no thrust on the plungers. The o1 pressure applied to the recess of the pilot-valve plunger
in figure 3-21 acts equally on the ring-shaped areas at both &nds and no axial force is
produced. The plungers in governor pilot valves aréeusually rotated in the bushing to
maintain an oil f1Im between these parts and thus rngge friction and prevent sticking. The
holes.in the pilot-valve sleeve are anged in pairs so that there,n;i?L;ide thrust exérted
on the plunger. The lower fittedg}éﬁgih of the plunger, called the land, exagtly covers the
holes in the bushing, so that s1ight movement of the plunger starts a changeiip the fuel
setting. A1l of these factors contribute to the high sensitivity of hydraulic governors, some
of which will respond to a speed change of (.01 percent. This high sensitivity makes it
possible for a hydraulic governor to maintaih a control speed with great precision. -
Sensitivity is also important because it permits the governor to act immediately when a spee
change is just beginning and thus prevents developing of larger speed fluctuations. .

(3) Actual hydraulic governors. As previously explained, hunting-due to overshooting
will result 1f an engine returns to control speed after a speed change and the
fuel c0ntgols are .set as required during the speed change. The simple hydraulic
governor has the same fault. As long as the speed is above or below the control
speed, the simple hydraulic governor will continue to adjust the fuel system to
decrease or increase the delivery of fuel to the engine: There is always a lag
between the moment that & change in fuel settjng is made and the time the engine
reaches a new equilibriff speed. Therefore, ghgbg?gine will always return to
control speed with the fuel delivery overcorréc .and hunting due to overshooting
will result. .« : . :

To avoid over shooting, a governor mechanism must anticipate the return to normal
speed and mist discontinue changing the fuel control setting slightly before the new setting
required for sustaining the control spged has actually been reached. A mechanism which
enables a governor to anticipate the return to control is termed a campensating device whfich
every hydraulic govérnor must have. ' . 4 . s

The simplest method of compensating for a hydraulic governor is to provide
drop with an increase in-load. While this\method does prevent truly isochronous governing
with this type of hydraulic governor, theégbeeg*drop can be held to minimum and the governor
still possesses the advantages of fine sgnsitiv ty and, large regulating forces.

One mechanism employed to provide this compensation is illustrated in figure 3-22.
The lever controllimy the tension of the speeder spring is moved by linkage with the)
fuel-control mechanism. In operation, the mbvement of the hydraulic power piston, which
regulates the fuel-control setting, also acts to change the tension of the speeder :spring>
Thus, an increase in fuel corresponding to an_increase in load is progueed by an upward motion
.of the power piston. This motion raises the right-end of a lever fastened to the end of a °
shaft and thus turns the shaft which operates the fuel-control mechanism. At the same time, a .
pin in the fuel-control lever located in a slot of the forkad flever slightly 1ifts the upper_ -
- spring and thus decreases the spring force. This lowered sprihg force will require less :
centrifugal force, and, consequently, a lower control speed is n essary for balance. - By
¢ adjusting the leverage of the linkage between:-the fuel-control and*the speeder spring,
depending upon ‘the characteristics of the engine, the ampuni of speed drop necessary to obtain
tKe compensation required will be provided and stable operation will result.
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‘ , Fig 3-22. Hydraulic governor with compensation.’. .
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“Ha). Isochronous governor compensation. . In order to obtain compenshtion of
hydraulic governors and yet matntain trily isochronous-governing, ‘another
method must be used. One mechanism which provides compensation without speed
drop is illustrated in figure 3-23. The pilot-valve plunger operates in a .
movable pilot-valve bushing in which are located the ports controlting the oil
flow. The movement of this valve pushing during a speed change is controlled
hy &hé receiving compensalting pision to which it is attached. It should be ,
noteg that under constant- -speed operation, the compensat ing spring will hold o
the pilot—Value‘bushiug in its central position. Thus, ‘until there is an '
actua) change in thg fuel-control mechanism, the action*of the pilot valve -is -
the same as in the sfmple hydraulic governor shown in figure 3-21, The - -
compensating action of the.valve busting {s controlled hydraulical1y by '
. ) transfer and by leakage of 9i). pressure between the compensating receiving
«o piston and the ,compensating actuating piston, The rate of corpensation is

L ~ adjusted to fit the engine characteristics by regulating the ol leakage -
R through the compengation.valves. ... ,
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e The operation of this hydraulic compensating device during the change fh load may be _;qQ% N

.explained as follows:. when ‘the 10ad on the engine ‘fncrease, the speed will start to- decrease,” o B
“causing the speéder spring-to overbalance the reduced centrifugal force of ‘the flyballs. This- . ., ..
. action.moves the pilot-valve plunger down,as: ;hown in figure 3-23, s0- that the control port R
~in the bushing, -which is rormally covered by the Nower - land on the pi]otivalveLp]unger, is. Sl
uncoyered -and. put in connection with ithe “supply of oil" under pressure. The oil upder pressuve '
“then flows through, the open control port to the_bottém of " the power-piston ¢ \inder, begins to .
1ift the power piston, and begin§ to move the fuel control toward more’, “Fuet In the same manner )
~as in an-elementary hydraulic governor In this governor," however, the actuating piston is : ‘
", connected ‘to the.pbwer piston and thus.moves -up with it *As the actuating piston moves up, it o
' ..forces the oil above it through pas es,’ partly to {fle compensatian need?e valves and part]y
to the top of the receivfng piston. Weuring a rap movement of - the power piston, however,
v, . - ¥ery.little oil can Jeak .past the need)e valves. . -‘When:the power piston first moves up, the:
: ot from.the actuating pieton will force the receiving piston down againsi .the action of the T
compensatwng spring. The pilot-valve bushing will thus move ‘down 43-the fuel-control . " T
\nechanism is moved-toward-less fuel. When.the pilot-yalve. bushing moves_down, the ‘control MR L
oo port will .come oppgsite and "again be .caverdd.by the Tdwer land on the pilot~valve plunger, AT
0 “which previdugly h8d been moved down undér the actipntof the speedeg sffiring. This will cut IR
o - * the 011 pressure to the poweﬁ piston and preve % further increase in_the. fuel suppIy. - = -

3 t 4

en the fuel Supply 1s 1ﬁcreased, however the Speed of the engine wil] start to pick S 3

: Jup and"as the enginef

| ;’flyweights will move)
- agjustment of the ¢d

speed grqduaily returns to norma1 thé centrifugal{ force of the PR

- pilotevalve plunger hack’ "to 1ts
.Sation needle valves, “the of) ab

ormal central position.

By proper °

é the receiving piston ‘van be made

to Teak out at a'certain rate.

This"will allow the compensating spring 4o act gradually to .

N

. _move. the receiving pistoft up as the o1l is forced back to.the needle vaives, - Thus,. the™> ' ﬂy;f B
€ pilot-valve bushing may be returned to its pormal central’ pqsition.at the sane rate as:the

* pilot-valve plunger, sa that the centra1 portiis kept covered and no fgrther-regulation of the
S fue1 ‘control takes | placé. c A e , RIREE - ; i
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" When there is a decrease in load and the engine starts to speed up, the same sequence
of operation takes place in the opposite direction. In this case, the increased centrifugal’
_force dud to the increase in engine speed moves the pilotavalve plunger up.” This uncovers the ’
. control port and allog} the o11°trapped in the bottom of the power-pistén cylinder to drain
back to the oil sump.” The power pistons thus moves down under the action of the power spring .
and moves the full contro) in the direction toward less fuel. As the power piston moves down -
to decrease the fuel, the actuating piston is alsp moved down with it. This movement draws

oil partly ou h,thé‘comgensation needle valves and partly from above the receiving piston. Yo :
N . If this ag€ion ogcurs rapidly, very 1ittle oil is drawn through the needle valves, and thus
A the recgfving piqton- is moved.up against the action of the compensating spring, Since the -
N pilot-valve bushfpyg also moves ‘up with thi receiving piston, the control port will be_closed
: " when' it comes oppdsite the Jand on the pilot-valve plunger. .This will cut off the.oi1 1ine
from the bottom of the power-piston cylinder, thus trapp?ﬁg¢the o1l and preventing further ‘lb
¥ W decrease in the fuel supply. When the fuel supply is decreased, however, the speed of the .
,ﬁ . engine will 'start to slow down. As the speed gradually returns to normal, the flyweights move ,
" in and the pilot-valve plunger will return to®its normal” control position. During ‘the speed
- correction, the compensating spring begins to move "the pilot-valve. bushing back to its central ..
* -+ position also. As the speed decreases, dil will be draw up frogh-the oi1 sump to permit the ’
. receiving piston to return to its normal central position at the same rate as the.pilot-valve ’
- plunger. By -proper needle-valve adjustment, the pilot=valve plunger may be réturned to its .
- normal central positions%so QEnt after the initial fuel change, the control port is closgd and
N no further fuel regulation fdkes place. - ' 3 _ © ot ) ¢
" . If the power piston 1s moved the first time to give exactly the fuel setting required "
N . to balance "the change in load before tHe control port is closed by the compensdting system and’
- * the port .remains” closed while the engine returns to control speed, there is no hunting at : T,
v all. ' This condition is known as dead-beat’ governoring and is difficult to obtain in
_practfce; How i{the Governor compensation is adjusted coprectly, only a slight amount
of huhtting-of w\a #ude will occur following a load change which will quickly be damped
out, resuiting in stgble dperation throughout ‘the éperating rg&ge;‘ . - -
. . ‘. A‘ e - Tall ) . . o © . -
. (b) Load distribution.. An engine equipped with an isoZhronous governor can carry
- Bny Toad between no load and th® maximum load or overload that the govéPnor Ny
Lo ., “will permit. If two or more engines are couplgd to a single load, they cannot -
) ﬂ? ., "al) be equipped with truly isochipnous governors unless the engines are
' : co&o‘ected to e’iectr’l&lg\e@ntors having special chgr-acterﬁ/ics which allow ’
» for operation in par&ilel with. isochronous governors. S isochronous
o governors permit -any fuel sétting within the capacity of TWe systems,
- .« providing the speed remains-constant, they arq incapable of distributing the
. T " load“betwaen two en?ines in* a predictable manahr, Engines.which are to be
' B . operpted in parallel must. governors with a speed droop. Not more’ than gne
. ‘engine in such a sYystem mgvigg go(:rned truly “igpchronously. A simple method ™
: - . ». * of introducing speed drop 1§ to use a suitable.¥inkage between the o
. . - - " fuel-control mechanism and the speeder-sprihg compression regulator, such as
* ¢ = * . . . showa in figure 3-22. A similar mechanism may be attached to a compensating
. ~ 0 - _isochronous tydraulic governor to obtain speed drop. Adjustment® of the lever.
' LT - . »,1inkage may be made’ to vbtain the'desired speed drop required to distribute -
- ~ the load adequately. - o & ‘ ‘ .
“ Y v . = . ) N [
SO ] " (4) Load-1imit gavernors. At any particular engine speed, there is.a rather definite
o L4 .  maxImum sustained Toad which*an engine can carry withput damage, An ordinary
o .* governor, whether’ 1sochronoes er built with speed drop, is sensitive only to
. "'\ .. v speed. If the engine slows down, the governor will“increase.the fuel Supply even

though this may ‘overload the ehgine, To prevent the governor from ircreasing the

L T - fuel supply-bgyond that required for. a safe load, the governor may be equipped
o © v with a maximum-fuel stop., If a ftxed stop weré used,-it would permit the engine
: “to be qugrlﬁadgﬁ at low speeds if it were set to allow the maximum safe load at _ .
& ’ . ' fulVspeedi Tg give full. protection throughout the full engine-speed range, and . . .
: °* N w " arat the samé time°to allow the engine to.develop its maximum pgrmissible power, the ~ . .~ "~

o '
o , governor may be'.equipped with a variable maximum-fuel stop which will permit the
. -délivery of she-maximum safe fuel.supply at gny'endﬁne sgeed. Such a device.is "
M © . kegw as a torque'}imiter. - o T g T ST .
N DR _ - e P - X - = _ o
.., ..»The max fﬂigfdeﬂivery'permitted by ‘a torque 1imiter may be set slightly below the .
*. - " -smoKe Timit for the q§§ ne, so that the engine will automatically give practically smokeYess N
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If a very heavy load is puf on an-engine so that a max {mum-fuel stop comes into
operation, then the engine speed will drop below the governor contro) speed, and the engine
will operate with-a fixed rack settin“&i as if it had no governor. Most types of ‘loads demfnd.
less driving-toryue as speed decreases. In most cases ¥he engine will be able to carry the
load without stalling at some rediced speed.s The engine will develop a somewhat reduced )
‘torque and a greatly reduced power as.its speed decreases, butdjt will probably still be abrle
to drive a ship br run an overload.ggnerator at some-below-normal speed. ' '

. . ’

A typical load-limit governor is ¥1lustrated in figure 3}-24. It consists of a
spring-loaded centrifugal dovernor which operates a. hydraul ot valve for.eontrolling the
1oad-1imiting mechanism. This mechanism consists of a spring-loaded plunger or piston to
yhose‘right_end is attached a stop or cap which limits.the movement of the main fuel
controls. There is also a sToping cam surface cut into the Jower side of the load-1imit
piston on which rides rides the voller attached to the top of the'speeder spring. The

, position -of the load-1init piston thus controls the compression on the -speeder spring. In

‘operation, when the. speed increases, the centrifugal forces of the flyweights moves the b
: pilot-valve plunger up and uncovers the control port. This permits oil trapped in the

- ., loadMimit cylinder to Wdrain out and.allows the spring-loadgd piston to move to the left. This

moves the load-limit stop to the position pexmitting maximum opening of the fuel controls.
.When the engine,slows dowr, the pilot-valve plunger wiil move down and open the control port’

L | ‘ so that i4 connects with the supply of o1l under pressure. b The oil pressure acting on the
load-1imit piston will move it to the right until the control port is again covered. As the
load-1imit piston moves td the right, the roller riding on the piston cam surface.will move up

.to reduce the der-spring compression so that the centrifugal force of the flyweights will
be balan at{a lower speed. Thus, for every engine speed there is a corresponding position
~ . of the powek pfiston whieh will provide the necessary spring compression to balafce the i
' eptrifugal ce of the flyweights and maintain the pilot-valve plunger in its control

position covering t® control port. Y . .
. . . . - "" ”-. ) R 3
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' : Fig.3:?4.w Load-1imit hydraulic governor., \ :
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_ _ At very low speeds, the load-limit piston fust be mode all-the way to the right before”.
&  thespeeder-spring compression can be refuced sufficiently to balance the low centrifugal N
o forée,oalth lyweights. As a resu)t,the lbad-limit cam will stop the movement of the fuel
e . ‘controlflit ~lowest 1imit by means of the steep slope on the end of the cam.  This will - )
prevent over™ading of the ergine at -low speeds where the engine Ys more likely to smoke. By ’
properly designing the slopefof;the-loadqlimib cam, the load for each-position corresponding
LT t{.a cer\tr‘in engine speed wﬂ]~thds\.bq.Hmited-.t(a'.erevent over load. b ‘ : ,
. . A - E'_-' ‘n . ) . -‘." . \ ‘ R . ..
. Q ¢+~ = (5) Over speed*@overnors and trips, Over speed governors are employed as.safety
. d » devices to protect engines Trom damage due to over speeding from any cause. When
ag engine fs equipped with a regular speed governor of any type, the over speed -
! I ggV§rnpr will ‘fynction only in the event of failyre of operation of the rejular
. .-+ governor: If the engine speed {s manually controlled, the over speed governor
S will function in case the 3peed increases-beyond ‘a safe 1imit before the_pqi‘ator :
R .. can control it. o A ARV -
- /@s NS _ oL . o , ]
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1 : w o - . _ . R &
~ e I8 T e a
. 3~27 - &
: T '

I I .
Bt S -



x

+ Sincd over speed, governors are essentially emergency controls, they must operate

. either to stop combustion or 1imit the combustion pressures in ‘the engine cylinder in order to
stow it down. This control of combustion may be obtained by efther regflation of the fuel or
alr supply. Most over speed governors function to cut off or limit theffuel shpply to the
engine cylinders. -In some two-stroke engines, however, it is possiblefMor an engime to run
aMy by burning lubricating ofT which may happen to be taken in with the fresh air. Where
this may occur, the governor {s arranged to cut off the air supply to the cylinder and thus to
stop the_ engine. Over speed governoys which bring an Eq%jne to a full stop by cutting off all
the fuel-or air supply.are commonly known as over speed trips. If the over spbeed control
merely slows the engine down buq'gé;ows it to ggn}inue to run at safe operating speeds, it is

better termed an over speed goverigr. |

‘Over, speed governors and t™ps of all types depend upon a spring-lgaded centrifugal-
governor element for their actton.” The spring in this case is prelo;ded to A fogce which will
overbalance the centrifugal force ofthe flyweights until the engine Speed rises ‘abave the
desired maximum. When the speed is reached, the centrifugal force overcomes thespring force
: and puts to action the controls which cut off or 1imit the air or fuel supply. .

The actual operation of the fuel or air controls may be accomplished dfrectlfgby the
cegtrifugal force of the over speed Jovernor, ‘as in_a mechanical governor, or it may be
izuppljed by o1l pressure,- as in & hydradlic governor. In an dverspeed trip, the shat-of f
ontrol may be operated by the force of a power spring which is put under tension when the
“trip is manually.reset and f heid there by means of a latch. When the maximym speed limit is
exteeded, a sprtng-loaded centrifugal flyweight ‘N 11 move out and tyip the Yatch, allowing the
power sprimg to operate the “shut-off control. ~N .

.
« - ? v
_ . C o . - . ’

P \ .
] ,
A 4 L ;ﬂ
’ -~ 3 ° o - f
4 “ - . t
- b, « :
o ¢ ¢
b4 b v o -
gﬁ‘ -0 I ’ < PR - . -
A\ N -
. . : |
t ) . C .
- . . . ) 4 \
- » -
‘ v & L
- . B . .
~ 3 [} >
[ l
-~ . N &
3 t ) - &
: . ¢ ’
. [ N o . b
. [ N \- M * . -

.



.,_ - . . y e L IR SR o - ST T e
) ’ ¥ . ‘ ‘

EXERCISE:  Answer - the following questions and check your responses against those 1isted at 4
the end of this study uait, _ :
1. (Describe the primary function of the governor, _ - e
‘. \r - ¥ - : _« r
. . . ™
, v -
2. Describe the four ciessifica tions of governers.
a. -Constant-speed: S ' e (" y

b. Variable-speed: '_

. f . ~

- c. Speed- Hmiting" _ |
d. Load- )imi ¢ ng: 3 - -

t

3. The decrease in the speed of the engine from no- ioad to fu]] 1oad expressed in ihe o

\ , is called
. \s : ) ’
- . Ja. hunting. : c. sensitivity. _ S '
. speed droop. ' d. stability. [ -
: 4. Maintaining the speed truly consi:ant regardless of the load with perfect speed ’
e : regulation is 'called . , 7
. X [ - - 4
_/ ) © o a. promptness. ' c. (sensitivity,

h. hunting. ) . d. "isochronous governing.

(A

5. The continuous fluctuation of the engine speed, siowing dowh\ and speeding up from .

the desired speed due to overcontro] by the governor'is’ call ;
‘ 4 hunting. * ~ T ¢, stability. " .
: b. promptness. . 4 d. sensitivity.
. i A . .The abf1ity of the govern%_to ‘mintain the desired spee‘d without fluctuating’is
/‘ . cz\Hed ) N A
' R 'a. hunting. _ c. stabi]ity o ‘
,// b. pcmbtnes’s : _ d.. 1sochronous govern ing o
. 7 . N .
. ' 7. The change in speed ‘before the governor will make a corrective movement of the ]
' - fuel contr01 1s termed ¢ :
. . 5
“ - A, sensitivity . ) c. promptness . fo .
‘-“ N . h. stability. . d. isochronous governing
" * 8. The speed or action of the governer is caned ’ C ' ;
. .a.. sensitivit.y o b. prgmptness. e S
- » c‘, sthbfl 1ty. : ‘d ' speed droqp :
_ . A . S *
’ 9. pes_cribe two types of governor?.j ¢, K t .
a. Mechanical. g ' \ B
roa T x <, . ) o N -
b. Hydraulic A » T v
~ . B : ! h - N - o o
. 8 ‘. ]
' - » ‘\ ) ? -l - .-
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~ ihtéhing:"' Column 1'(1ter;s 10-13) 1ists the four types of mechanical and hydraulic
' governors. Column 2 contains four {11lustrations depicting the four governor assemblies.
Match the type of governor in column 1 with {ts appropriated 11lustrationn in colum 2.
Place your answers in the spaces provided. - . . . . -
Column 1 Governor Colum 2 IMustration

[N N

10.  Spring loaded centrifuga)

. M. Elementany hydraulic
... Hydraulic with compensation .

~ 13  Load-limt hydraulic
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Answers to Study Unit #3 Exercises v R
wor’.Unit 3-1, |

L]

1. )

a. :
b. Time the fuel injection. . : .
- ¢, Contfpl the rate of injection. -

‘Meter or measure the corvect quantity of -fuel.

2 d. Atomize or break up the fuel into fine particles according to the type of
- ‘ combustion chamber. . C N " ;
. , . Properly-distribute the fuel in the combustion chamber.
< 2. c , .
v 3. Commam-Rail, individual pump, and distributor =~ a . ) N
' Work Unit 3-2. | . -
b 1. | c. - . . ' . - °
< 2. b' . v . N - Y .
30 'bo. = ." © ’
4, @Bigh pressure is obtained on the part of tWe plunger stroke, after the plunger has ~
required a certain speed, anhd discarding the initial part of the stroke. The jerk ,
pump #fen produces a sudden accleration in the line causing a jerk, .
5. c. ) A \ - .
| 6. The valve of the pintle nozzle is provided with a'pin or pintle protruding from
R, the hole®in the bottd®or the nozzle, in which there is a close-fit. The fuel
. ' delivered by such a nogzle:must pass through  an annylar or rin?—shaped oritice, °
. 7. In the hole-type nozzle, ' thefe may be one or several spray orifices in the form
: of straight round holes, drilled through the tip of the nozzle body below the %o
- i . valve, seat, . -
' ' g 8. d. ~ - . _ v - . '
.. el | )
wgumtaa‘ S & ’ a ®
:ﬂf R ) ' - : v | -
. 1. Cleanliness is the most necessary quality of diesel fuel. -The fuel should not o
contain more than a trace of foreign subNtances or materials or problems with the "
fuel pump and injectors will occur. Watek is more objectionable than dirt because
while the dirt may be suspended for lang ppriods, the water will cause a ragged
; operation and corrode the fuel system. n ~ )
Viscosity of an oil is an indication of {ts res 23,”td flow. . The higher the - Y
. viscosTty, the greater the resistancé to flow, ésel fuel must have a low % .
viscdsity to flow at the lower temperatures that*are encountered while having L
) - - o enough viscosity to lubricate the closely figsed fuel pump and injector plungers™ . \
roperly. L P o - o ’
’ gngtion Quality of a diesel fuel §s jts ability to ignite spontaneously under the
conditions found in the engine‘pylindlr. Instead of the octane rating found in .
-gasoline, diesel is rated by cetane: _ - , - ' ' :
. 2. 4C T y AR _ -
e a, - _ - . 3
C{, 4. b, / ’ N . ’ . |
' 5. d gt ey R
% d. * . - . _. V ¥ \ . v . » ‘
) . ) ¥ N ’ w- N " . !
Work Unit 3-4, : - - _
.F e

1. a. Friction Norsepower due to4he frictdon, windage,i and pumping losses withir,
*  the enging itself and required by the attached engipe rivens a3 Jiarys.

Yy b, The load tonnected to-the main drive shaft which, takd8 the useful 3% brake
b hor sgpower ou%ut of the engine. Y R
L 3 <, - ~ ;o . ~ RS :
o ", -7 Mork Unit 3-5. - ce - A |
1. A governor is essentially a speed-sensitive device desdgned to control the speed. A
R o - of.an angine lunder varying load conditions., « A - _ v
: _ . - 2. a, Constant-gpeed governors maintain the same,enﬂ#ﬂ!'ﬁpeed from no-load to P
wto o - . full=load,: , : A o T ‘
. L. 1 s, " b, Varisbiq-sneed governors maintain any desired engine speed from idle to top ;
. . -speed, . W
T TR c..~Speed-liaiting governors control the minimum engine speed or limit its maximum 8 .
- - ; S eﬁd On‘ o - 4 v ’ . B l. A ‘.'.._ '
| YY . o d, Lgad-ljm1¥1ng governo fmit thd load which the engine will take at vartous &
A B "7 speeds, . .~ . o " . w
! p 7 \ N . -
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, - 7. a. \ _
' y - ‘ 8 - € . . ) . .
. - 9 a”mchmical governors are those in which, the centrifugal force of the rotating
- “ weights directly regulates fuel sypp]& by means of a mechanical 1ipkage which SN
IR "operates ‘the fuel-control mechanism, .’ ’ _ . - ‘ :
b. Hydraulic governors are those in which the centrifugal force of the rotating.. - ..
welghts. regqulates the .fuel supply indiréctly by moving a hydraulic pilet valve -
- o contrglling*ofl under pressure, which operates the fuel-control mechanism,
10. b. ' : . " :
. N. c. ' ' - E -
12.- a. s -
13. d. - . . - -
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FUNDAHZNTALS OF DIESEL .ENGINES

- 4

- ,.Review LLesson

Instructions} This raview lesson is designed to-afd.you ipggpreparing for your final
examination? You showld try complete this lesson withowme aid of reference materfals,
but if you do not know an ansWw, look it up and remember what it is. The enclosed answer
sheet ‘must.be filled out dccbrding to the Instructions on its reverse side and mailed to MCI ¢
using the envelope provided. , The questions you miss will be listed with references on a :
feedback sheet (MCI- R69) wh ich will be"mailed to your commanding officer with your final

\

A

‘examination. *Yor should" study the refereoce.nmterial for the questions you missed before

taking the final examination. , .

A, Multiple Choice: Select the ONE answer -which BEST completes the statement or answers the

question. After the correSponding nunber’ on the answer sheet, blacken the appropriate
chrcle, . g
" Value: 1 point each . : ) .
.- 1. 1In the d1esol engine, work 1s obtained from burning the combustible fuel within the
engine S , N
a. precombustion chamber. . c. cyHnders.
b. cy]inder ead. . d. piston.

-

2. Mhich of the Following is NOT a ma jor advantage of the diesel engine?

4
~

Higher reliability of opevation

a. .
b. Higher cost - <
c. Lgwer fuel consumptlon per horsepower.per hour -
B d. Low fire hazard - 7\ C oL -
3. One disadvantage of. the diesel engﬁne ‘f'§ 1ts ' ) )
a. longer life span. - ’ c. weight per ho'rsepouer per pound, ~ N
. b.. higher torque (sustai neqJ . * d. pdyger per pound.
4. The fuel is burned in the v | ‘
.. o - B - ( o
a. pisbon. * @ c. crgnkcase,.
b. eylinder. d. valves. 2
5. A flywheel of suff1c1ent mags which reduces Speed fluctuations is fastened to the )
a. crankshaft. c. camshaft. : o g |
b. comecting rod. *  g#d. piston, : ~ : -
6. A camshaft is driven ffom the cfankshaft by a serfes {of gears or the e 3
. _a. flywheel, . . cqnnecting rod: oo |
b. timing chain, -, . d. rocker arm. Yo o e
- - » N A l . .-:l
“o J _P1ston r1ngs ﬁbricgtéd with oﬂ pro~1de *‘s t1ght seal between the Hner and the . "“
: . . e, TR . Coa &
.a' piStOh - * # . s(' l & vo- ' . .'-\'_ ) .-
~ b, cyhnder head . aowo W :“‘d A fgﬂoﬂer ‘ ,; _ - o
8. The' tenns sin 1§~acting, doub]o—&ting, and Opposed pwston,)are terms used ..for edgines,. ' "3--,\{ )
. _‘thaE are c]asgﬂied by their = . . . _ - _ S e
DY 2 ) o ) o e N
‘A, operating cytle _ _-\'“‘ » ; QA cy'hnde( arrangement S o : Co
© bl pfston getfon. - 7] do debhod of fuel mject,fan .'. ' L
9, Al diesel engines bé .divided' 1nto . ..' classes 1n re1ati~on to sPeed _ ' -"'.’*
Ll ‘, .:.. PR % . -. "‘I N . o o Voo A - ‘ -.\' .-
a. 2 ?1? .. . - 'a."q\_‘.' ' 4 - E C "" : . o _‘ -
b' 3 '1‘"1 A ). ’a ’ .-.. ne o f‘ ) . ) a 3 ' v o C . : "”- - ".-'
‘ . ;; ( ‘ VI" * “% (i ‘~ .. % .". .’ - i . b < \-4 %‘/,; . N ” » '-' ) ’\' -
. &' ”. ) " v Y . '.-‘ . - ." h. i -
R . 3 ) S0 N oas e
§ v Bﬁ . ’ .l"‘ ~ ) ‘_ M '.-J.‘-"( - / o
.‘\;. “ A J ’ - *‘-‘ ‘.‘ . . . . & ;o 2 ‘--‘90 . - p ‘; - :"’
’ o)‘ 5 ) AT . . 2 R-.] ".h. . , '
a' " . " . v “ 3 '\ . o N . ; £ 1 . :"'1_



10. An engine that 1s classified by {ts method of fuel 1njection w111 use either an afr or

a 1njection system. _ _ .
a. solld v ' _ c. unit 1nJect1§?1
«b. mult1ple plunger - d. distributor

11. Bore fis the dfameter of .the cyl%gfer while stroke is the

a. length of the connecting rod=— ' : . -
b. diameter of the piston. : '
c. distance the piston moves. Tl -

‘ d. volume of space the piston displaces. - ¥ )

[ -~

12. The volume of space 4hat the pjston“displaces as it moves from BDC to TDC s known as

-

¢ pjiston displacement.
d. etr ic efficjéhcy

a. bore and stroke.
. b. vacuum._

13. Wh piston starts to move do 1n the ylinder on the 1ntake stroke, it
K produc } _ g \ .
a. combustion . . c. vacuum, - .
b. exhaust. ‘d, pressure
14. Volumetric efficiency is ratio betweerf the amount of fuel-air_mixture that enters B
the cy]inder‘and the amo " - .
a. of escaping fuel atr mixture.
b. that comd enter under jdeal conditions. '
c. of pressure within the cyTinder’
d. of power produced. _ . : -
. A ) : -
15. Volumetric efficiency can be increased by using a blower or a(n) :
. - ¢ s
a. fuel with a lower cetane rating.
b.” supercharger on the diesel engine.
c. air-compressing device.
d. Tlower fuel-air mixture. .
I 16. The movement of a body against an opposing force is defined as ) i
a. energy. . c. , power. | l g ’
b. work. _ ' s d. ~ force. .
. +17. The faster a tank travels, the rore worle it can do as it pushes over trees. This is
S due to more +« - - " "stored in the ta ) : . _ o
N T energy - . T g.‘ power 1 . " _ N .
. b. fuel: . St - work ' oo .
. 718 The rate of work’i3 ideptified as being * o B o
a. energy. B L c. power, ) ' . v
b. foot-pounds. : ' d. horsepower., o -
19. The dynamometer is eSSentially 2 dynamo of a Special type that can . : ’ -
" a. absorball tke power the engine can produce. o -
. drive equipment exerting enormous power. ) : :
. c.” be made of, a Series of woodef. blob s around a flywheel., . . .
¥od, be less complicated. although less flexible, than a prony brake.
20. The effect which rotates or tends to rotate a body 1s called '
~ .'.’\‘”,. . . - - . ‘ ‘ . . !‘ 'o .
. - a. work o S <, pover, , I} ' ,
.b. energy._ ) ! d.. torque., / o ’ IR . N
. . . . . [} . ) } .
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21. ~When both torqua and speed are on the increase, as in the speed range of\i:?OO to

1,600 rpm, then horsepower -
‘a. drops graddally. o c. fncreases gradually, .
b. drops sharpiy . - d. 1increases sharply. - 5
22. Resistance to movement is called . \\
-3 surgence. d. drag.
b. friction. . ’ d. obstuction, !

- Y . N
23. The mechanical efficiency of the engine is the relationship between the power -

developkd in the engine cylinder and the power delivered by the engine
is . ; the power deiivered by the engfne is

a. brake horsepower; indicated horsepower.
4 b. mechanical efftciency; thermal efficiency.
€s+* indicated horsepower; brake horsepower.

d. thermal efficiency, mechanicai efficiency.

L. The_reiationship between the fuel input.and the power output is caiied

(
a. efficiency. T . c. mechanfcal efficiency. '
b. thermal efficiency - d. power efficiency.
. .
25. The three types of cyiinder s1iners discussed in this course are dry 1iner, wet liner, i
,“" . and y _ -
a. machined liner. . c. water jacketed liner.
b. cast-steel liner. : d. teflon liner, N

2. The part 8 the emNine that seals the combustion chamber and may cohtafn the valves fs

the

a. cyiinder liner. - c¢. cylinder head.

b. _crankcage d. crosshead guide.
. : :

27. The transformatfon of reciprocating motion into'rofary motion fs phe functfon of the

a. piston. , : c. crankshaft. * -.
b. connecting rod. : d, camshaft. '

28. The transmission of energy of combustion through the connecting rod to the crankshaft
fs the purpose of the

oo A a. vai!es.. ' - c. camshaft. - . . .
' b. pis on d. cylinder head.
" 29. The three purposes of piston rings are to: seal the space between the piston and _
' liner; transmit heat from the piston to the water; and to Ve
4. stop ofl’ from being burned . W
b. ' spread lubricating oil on to;the liner. ~ 6 ' “»
. c. - prevent high pressure atr from escaping into the .
d. damp out part’ of the fiuctuation ' . -
30. Transference of up and down motion to where it is changed to rotary motion is the
. _purpose of the - . _ _ »
Ve . ’\ . . v . . . - -&
a. camshaft. 4 ) _ . c. babbit. - . ¢ ,
br)upgnnecting rod. : ‘ Jd.' compression rings. = .- . ;
3]&“ The controi of the operation of the engine valves is’the function of the
. ) . ‘ .
T a. . crankshaft, U ¢: trunnion. . e -
L : b, camshaft. v.. o . W d. .flywheel. : (
s . ) Lt ‘v . -..n . ) \’-\ . _I" .
T - n N 3
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32. In the 11lustration below: identify the s;r%ke-cycies.

/ a. Intake . c. Exhaust
b.e Power : ' d. Compression

AN

. s N ¢
v ) o
. -—r . ‘ ¢
el / v
et . ] Kl ) .

"33 A two stroke cycle is completed in - revolutions ‘of the crankshaft.

a. 1 ' c. 3 ‘ , .
b. 2~ .‘.. ' . d. 4 . i

- b \\
a. high speed.<_/ hl c. constant pressure,

34, Compr:.xssion’rz_:tio is the vo]ufne at bottom dead center divided by the"vol‘me at - |
d, low speed, - :

b. ToC.
\/) . \

ey
)

- 35. A higher compression ratio will achieve . T ; ,
5 L a. more power, | - ¢C. less engir;e wear,
. L b. higher reldability. ' d. lower combustion témperature.-
- q ' .
36. The two methods of burning fyel within the cylinder are
a. constant volume and constant injection.
b. constant pressure and constant volume.
c. 1Injection and turbulence. N . :
- d. pressure and injection. . : L e
- B. Identification: Ideritify the three methods of scavénging as g‘i'\ien in the situations
* provided below (items 40-42). For each item, select the ONE letter (a, b or c)
indicating your choice. After the torresponding number on .the answer sheet, blacken the
. appropriate circle. : - ‘ ' L,
, Value: 1 poiat each ¥-» ' ' o ) .. o \
) 37. The piston uncovers fi-rst, the exhaust ports, and releases the pressure, Going down
. further, the piston uncovers the scavenge ports and begins to adnit slightly
compressed air, whose st is directed mainly upward, and thus pushes out the
' exhaust gases. . ' - -
~ . a. Return-flov.scavenging c. Cross-flow-scavenging - o N
b. Uniflow scavenging - _ .
- - R . . o
38. The lower piston controlsgthe exhause ;ﬂts and the upper one the.scAVen D |
order to obtain the proper sequence for intake and exhaust, the lower ¢ wil
‘ . precede the upper crankshaft by 10-15 degrees. : .
. - a. Return-flow scavenging ] c. Uni-flow scavenging -
' b. Unifiow scavenging _ Sy : ]
- & . - .. . ) ) . '.~. :‘1
) - 39, The sequence of port opqugs is-the same as in the first situatiqn, but the air flow ‘
s di fferent. The air pi and'exhaust gas port are located on' the same side of the

' " cylinder, thus giving-better accessibility,
¢. :hlhi—ﬂ'ow's_c_:av_én'ging . \ : e

a. R'etumohw scavenging
b.. Uniflow scayenging,

1

o




C. Miltiple Choice: 'Select. mer‘ that BEST colipletes the statement or answers the B
q:nes tion. After the corresponding number on' the answer sheet; blacken the appropriate
- clrcle, ’ .

-

value: . 1 point each.

r .

40. Alr pressure is provided to the cylinder by two,mthods. The/s,e two methods are: - .
a. compression of air and inlet ports'. _—_— 1
b. use of a pump and compressfon of air in the crankcase. _

‘ c. use of a pump and use of a blower, .~
»d, use of a pump and compression of air fwe cylinder,

a. have pistons, connecting'rod and camshaft arrangements nearly the sauié.
_ b. have the stroke-cycle sequence of intake, power, and exhaust. - |

c. " types use air, fuel, compression, and ignition. -

d. -

41. The gas and the diesel engine are similar mechanically a/s_ both \

burn the air-fuel mixture externally.

42. The control and speed in the diesel engine are controlled by the

2.~ amount of air prov,j‘ded"to"the cytinder. . S IR
b. quantity of fuel injected into the cylinder. ' ‘ < , 7
c. short conbustion period. - . ' ) : ce
d. speed limits engineered in the engine.: R % '
43. The moyements of the - are transmitted to the crankshaft tb;v'th/'ennm*",
. of a connecting rod R - . . ' ' '
. ~ ‘5." : B ’ - . * ) .. .l
“a. valves \” - T c.ocam - .
b, piston AN Cr. e _d. cylinder S - ~
44, The re;_istancé-o( a body ty a dmnge."i_ri ‘motion 1is égl?bd | y
¢ a, work.: @ R T c. fnertia. . . . '
b. stoppage. , b - d. crakpin, . . . b
(; . - . ‘ . ) L o . v . .
45. What stores up energy during.the working stroke and gives it back during the rest,of
the cycle? . oo RN ' . ‘
a. Piston S c. - Crankshaft )
< . b. Flywheel - ' . d. Crarkpin o
) 46. The time it takes before the ‘cool ‘fue) spray becorips heated and vaporTes so as to
. wignite is called e ¥ - x’ . S - ¢
3 | | . o _ N oy N
r a. retardation. _ ~ cy fgnition delay. - R
\ “b. time lag. ) : ‘ d7 retarded fgnition. 1 . .
47. The highest thermal e#‘icienéy is obtained from the fuel avhich burns at the : _ ~
at top dead center. S : -
~a; slowest speed : _c. highest compression ratio . - y ) : -
h. Towest pressure ‘ d. h¥dhest: pressure '
. ~ . " A .
48. Turbulénce }n»,me two stroke engine 1s created by making the - N RN
- . a. valves foriitake smaller, - ¢. scavenge afr ports.,closér together. -
: b. ports larger and much deeper. d’/ scavenge air ports tangential or angled.
49.- The only way to find “the gorreci timing is by . )
. operating the engine, measuring valve c earance, and changing the "Wging. )
qBest)t:tming, and changing the tim. !: R

starting the engine, running the engine, and finding the best timing.” .-
changing the timing, running the engine, and using the timing tool .

.""u_, ' .‘ -
we ks 94

a
b. operating the engine, finding the
C
d

'8
=
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SozntSupercharging has as its bbject an increase 1q§~pe power-ﬁhich :

Al

a. <an be achieved through sPeed arfd control. . ° 9 A

b. changes the design of the engine. v,

c. an engine could develop if, a?l of the factors of inertia remain the same
~d. an engine of given piston displacement and speed can deve]op

8], Three types of bJowers are:

mechanical, pneumatic, and solid. - .
reciprqcating, rotating, and centrifugal. . "

‘mechanigal centrifuga? .and pneumatic, ) ' -
'pneumatic. rotating, and reciprocatihg oz

[~ B — i -]
s e & &

52. The pump that uses exbafst _gases to propel the compressor which provides high air
pressure is called a

- ~ .. . , .
~ - . . Y

a. blower. . c. turbocharger. Y . o

b. superchargen. . d. mean blower. ' ST s

R ) ‘ . . : - ’ ) .. ' . . [ ’ : .

53. The five requirements for the- injection of fuel are ’ Coa T ,Z AT - "

JKZ,
“*u

a. metering, timing, rate of tnjection, atomization, and d1str1bu
b. metering, injection, blowing,. combustion, and breathing. °

c. timing, rate of metering, injection,@ntxture, and .combustion. L T %.Q' E L
d.  rate of injection, timing, metering,/pixture, and vacuum P o

54. Two methods of fuel injection are air/and . P | ’ |
a. solid. ‘ . c. diesel. oo ) . | |
b. water. - ' ‘ d. nozzles. . l : ' g I

« -

D, Jiatchind’ Given a list of four types or parts of the fuel 1njection systems in column 1.
(items 55-58) and four definitions or uses in column 2, match the item in column 1 (1tems L
55-58) with its appropriate definition or use in column 2, After the corresponding number '
on the answer sheet, blacken the appropriate circle. .. ' HE

[ - .
” M T

Value: 1 point each

N , . Colump 1 ~ . ' _ Column 2 * - ‘ “ L .. .
. Type/part = o - - Deff'nitfon/use _ _ '
s . .
- 55. Distributor System . ' a. This system is not suitable for highspeed, -
e _ : small-bore engines because it is difficult-
56. “Unit:Injector System : s to control accurately the small amounts of
, fuel injected into each cylinder.’
- 57. Cormon-Rail System - . @Al
v e R b. This system has two essential parts.to each
58. Pump Injection System cylinder, the 1njection pump and fuel o, SERNPN
: B ' nozzle.” - ‘ o
N g ' §
) T , c. This system combines a pump and .a fuel
. o K . S v spray nozzle in onq»unit. . K
_ - T . ~d. This system is used because of its Tow
e . v . cost, lightness, and simplicity of desigmh'
t . ) e e _ '
F. ®ltiple Choce: Select.the ONE answer that BEST .completes the statmen® or answers the ,
question. After the corresponding number.on the answer shéet, blacken the appropriate ) ;
circle. ' B - ' . oo
. . ) L . . . ‘l L. . ) ’ N - . ¢
: ~‘.§' S Value: 1 point ‘each - oo N .:;L ~ _ o ? |
59. Two typ%s of fuel nozzles are the v, __and ' type. -
’ ke e . - 5 . :
a.” valve and plunger .*' «. C. open and closed. = ' : Loe Tt
b. aiF and méchanical S - d. rotor'and fork . - . et




wrate At ST TANTIT M IOt A m s em o men et s e b et e
. v T . L o NNV e T - . . e P . [N AN
R » . . N . : .- ) L4 P B A - S oo bt |‘.|." b ".l;.‘-qﬂ e, ’ . e
. . . RN R . ' . [A Ly o IR IR ¢ < “ ! e
. ] . . . N - ’ ot -~ L -8 Dot . N o ' et <
- R . E ¢t o . . Lt \ . R .- ' .
. . . . N
\ .

60. ' Two types of tlosed-end fuel nozzles sre the __ and . e T p o
a. rvotor, fork. | . rafl, pimp. AEEE . - |
. b pintle, hole, .. . g” hole, saddle. - . TR IR

P )

- .r e ) R . _‘." -, . , .
- 61. The jerk pump - produces a sgqﬁen acceietggjondof ‘cgusing a jerk. _
a. the fuel in the cyljhdeg - '5;;‘ c. :afr-pngssure'inﬂihé cy11ﬁdor~ ) .

b. the fuel in the lines . d. air apd fuel mixture in the cylinder

62 The ihreq.mosti1mportant;qu§[1tips,df ddes§1lfuél are T
L " g a. viscosity, Eét@he rating, and lubrication. o - S S
: . b, 1$pition quatity, lubrication, and visqgsity" L, L,
« ¢. Niscosity, knock, and dgnition 3uaiity. e I S
d. viscpsity, ignition quality, and cleapliness. . Lo A

e T . R . . :
. Matching: Given a 11st of four types of combustion chambers in column 1 (items 63-66) and - -
- characteristics of ‘each type in column 2, match the type of combustion chamber in column ] -~ - - .
witl its characteristics in column 2. After the corresponding number on the answer sheet, -

.- > _blacken ‘the appropriate circle. ". . ~ ' PR ' '
Value: 1 point each - . e L LT N
* p’_ . , L o A~ I \ '
Column 1 : ST  Column 2 - E W S

¢

t;‘) ..

-

b

<o -Coribustion Chamber 4 " Characteristic _ S e . e
* a,. The combustion chamber that has two T
" vounded spaces shaped iike figure ajghts - . .~

63. Divided Chamber
64. Open C%amber R . o cast in tgo cyliqder'heaqd o

) . e . A .

65. “Turbulence Chambex . : --b. The chamber that: has very little clearance “Pema e
_ . between the top of the cylinder and the -~ N

66. Precombistion Chamber . - . head c e . SR
: S T T gl The chamber with &n. auxiliary chamber at =~

. o N = the top of the cyWnder ° N ‘ -@_" S T

S . - d. The sinpYest form of chamber with fts use '~ -.¢

R TN

en e " .+ ]imited to sloﬁ-spéed-d10i§%«gﬁginq;.and € - i
’ : . \ v R '“4ew high-speed 2-stroke-cycle engines - ’ ¥
H. Hu]fiﬁlé Choce: .S$elect the ONE answer that BEST cpmplotec”thiiﬁtatemént or answers.the A
ques%ion. After the corresponding number on thé answer sheet, blacken the appropriate - o e
circle. . : . . . ' . . T . ; - ot

Value: 1 pdint';aéh A T - o I S N
es of engine loads are : and.. .’ oy o W
T a. - incresged, lessened. Cs 1dternal. eiternal.' " ;1 " N
—~ . - b, heavy, 1fght. - : 3‘ d. normal, abnormal. 3” r .

o - 1 . P o ) 4.‘_'_

67. ‘The two

\?_\ L 68. The speed-¥ensitive

_ ‘device used to control the speed of tnplenginé dnder\varjinﬁ Lt
conditions is the . P oL ST T o

- ' N

- A + . .
a . P A N . v
\ - -~ ' N

. a. regulator:’ S C...governor. - v o b S
N b, 1ngector;' R d: fuel pump. = . . .7 '”‘ri L

1. Matching: Given a 1ist of four classifications of govertiors. in colump Lt(ftpms'67-7§)tan& n e g
- ’ the. functions of each listed in column 2, match thedelassification In codup®*l with its ~. =~ . " -1
. functfoi "in column 2. Afterithe carresponding number on. the answer sheet, hlacken the¢ . = - .

' appropriate circle, .. - PR LT e %%j ;;_ s "‘;-;

FA DN o :
- Yalve: 1.point each - . - L T




A

xr,

‘Colum 1"~ . Colum 2° ’
Classi fica tion A Function
. T % ’ 4..' « 1 o - “' .
69. Constant-speed - a. Maintains any desired spead from idle to
> \ . . . . top speed . . N
70.  Variable-fpeed . " . .o
) | 0 b. Maintaips 6e same engine speed from no-
n. Spee?—‘limi‘ting - : load to full Jdoad .
72. load-1limiting’ ) c. Limits ;th,eﬁ oad which the engint will take
| - atIvarious speeds : -
A . 2 .
. . d. Controls the minimum engine speed or ¢
. ' o limits its maximum speed only

Matching: Given a 1ist of five ,govern?hg characteristics in colym 1. (items 73-77) and a
brief definition of each in column™2, fmatch the characteristic in colum 1 with its
dfinition in column 2. After the carresponding, number on the answer sheetblacken the
appropriate circle, ’ ‘ /m )

g

b

Value: 1 point each _ Coy
. P . - ’ o ’ '* . M - "j
+ Tcolum . " . Colum~2 o
Characteristic Definition .
73.. Hunting _ 4. Decrease in the speed of the engine fronf
. ) ‘ no-load to full 1oad expressed in rpm or as

74. , Stability a-peéccent of normal or actual speed
75. Speed droop ~ b. TheaBility-of the governor to maintain

" . Y the de$ired engine speed Without *
76.  Sensitivigy ' * fluctuating ~ '

77. Promptness ' : €. The-continuous fluctuation of the engin_e\_'/‘
. speed slowing down and speeding up, from
‘the desired speed due .to over control by
the governor

d. The speed of the-action of the governor -
expressed in the terms of the time in
- seconds required for the governor to move
from no-1oad to full 1oad - -

~ v ~ " e. The change in speed required before the
‘ govgrnor will make a corrective movement
r . of the fuel control and is generally
, expressed as a percent of the normal or
' . . average speed, g : : ;
Mul tiple Choce;~“Select the ONE answer that BEST completes the statment or answers the
question. %’;‘/‘d\e ﬁorresponding number on.the answer sheet, blacken the appropriate

circle,

N |

V'abuei’ 1 pofnt eéch - .

.

78. The. two . types “of go-v\,ﬁ,:ors identi fied 1n. the coqrseraré
t

a. internal and external. ' c. 1isochronous and metering.

b. mechanical and hydraulic. . d. constant and variable flow.
e . - S ' ! . ) R
. R ~

% LN

v % ) . ¥

~_Tota) Points: *78 - A

N o - 37
‘. ® - * * n *

. L oL _R"a L . . » .

—
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« : e " CONVERSION TABLES | . -

.0')\
v
*

.

Y : v
2 ¢ - ~ t
. Ve . -
= < b K i ’ \
—_— 3 .
= Approximate Conversions from Metric Measures
—— N ¥ A .
o~ ‘ ’
==, « . Symbo} - When You Kndw Multiply by To Find Symbol
= ) . N
= __ ey : - / . . . »
= ' . LENGTH X
. = ] . . .
- = o millimeters ) :
_ e mm 0,04 jnches in
== . cm centimeters O ToM - inches >~ ° In
= C . m meters . 33 faot S * 1
M = ot m ) meters ‘ 1.1 ; yards . yd
w . == : . km kilometers 0.6 , miled mi
s.. = ~ ‘ ’
== ~ ‘ -
=_ " AREA
== s 4
== cnzl2 . " square centimeters 0.16 . ~ square inches in?
== it m 5 square meters . 1.2 . square yards yd2
= km square kilomaeters 0.4 squpre miles mi?
‘ == - - ha , hectares {10 000 mz) 25 acres -
v = «
. = , MASS (weight) <
= 8 - X : ’
. »—:35: g grams . 0,035 ounces or.
= — kg - . hkilogrems \ 2.2 pounds - b
= - t metric tons (1000 kg) 1 shofons
= - '
== - .
) = _ VOLUME. .
= « ;
= . mi millilitérs "~ 0.03 fluid ounces 1l oz
= © [ liters 241 " pints pt
= ) . liters 1.08 8 quarts qt
, 4 = = | R liters : 0.26 gallons ggl
7 = ] m cubic meters * 35 . cubic feet ft
_—__—:__“__———-—--———; m? cublc meters 13 cubic yards yda
LY f Py
= w _ . ' TEMPERATURE (exact) |
—— {
= - °c ‘Celsius 9/6 (then Fahrenheit °F
R = temperature add 32) tempaerature
- — ™ Y ' .
= ’ 7 o
== ' F
= o JOF 32 96.6 . 22
; = -40 0 140 80 - 120 160 © 200
’ == Y U VT W N UL | N T M N S 1 'S VR N N MO U T N B | ,
&= - “ LS B S | T !) 1 T T T T T 1
= =40 -20 20 40 60 - . 80 100 P
' = 1 B °c | .- LA °C.

-
i
P




o
. . -
. . METRIC CONVERSION FACTORS "
y  Appreximate Conversions to Metric ‘Measurer o -= f
’ o . s =
- Symbol .. When You Know Multiply by < To Eind " Symbel * —
. 4  —— =
° % 1 - - x - Ty ) o -
. v ’ —_—
. LENGTH =
. in inches *2.6 ' centimeters ‘ cm =
f * faet 30 centimeters cy ~ —_
yd yards 0.9 meters m ' —
mi miles 1.6 N kilometers o km -
-« . . _=
__AREA - —=
. v ) ] o —
in? 0 " square inches 6.6 - square centimeters cm? T e—
t? . . square feet 0.09 square meters m? -
vd2 ~ . square yards . 08 . square maeters m2 —
mi? .. square miles 2.6 g . tauere kilometers km? —
acres . . 0.4 hectares . hs -F
[y N * ol o—
MASS’ (weight) —_—
or ounces 28 ' ' grams ' 9 —_
. Ib : poufids - 0 kilograms ko —
. + *  ghort tons 0.9 metric tons t = )
: ' : ‘ : {2000 Ib) : e
. T ' VOLUME ' i ) —
_ tep ' . tenspoons S ' miliiers ml """_;
Thsp . tablespoons 16 " milliliters m _
fl oz ' flukd ounces 30 milliiters ml W e
c cups ' 0.24 liters ' [ = ’
' pt . pints 0.47 liters l  ——
. qt . qusrts 0.88 , liters | ) -= .
gal galions ., - £ liters Loy ’ =
f? - cublc feet - 0,03 cubic meters Com? —— -
3 yd3 °  cubic yards 0,76 _ cubic meters m? » —— ¢
e - - TEMPERATURE (exact) _—
, N 7 - - —_—
°F . Fahrenheit, /9 (after ~ Celslus °c’ L=
' : temperature subtracting temparature = :
' 32) ' _—
*1ip = 2.84 cm (exactly). . ) e
' « 4 ) : . FE
———

-~
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MATHEMATICS OF DIESEL FUNDAMENTALS
1. Computations of terms found in this course.

~ -
| ' + Area. Area’{s a measure of; surface ard-is expressed as the product of the Jength and
width or of £wo characteristic Tengths of the surface. -Areas are expressed in square units
., such as squarg feet or square meters (fig App-1).
(‘_ . ‘ . - - . A .r . . . ,
3 ( (‘ ’\. ’
) 3 » " » . o
3 - |
. - Area (square rectangle)=1lenght x width " Area (circle) = (radjus)?2 . ' ’
; Area = 3 units x 3 units Ve« Area - =314 r
"Area = 9 square units - . Area =3.14 (3 units)2.
. . ) Area = £8.26 square units
~ Fig App-1. Computing area. . : : {

b. Volume. Volume is a measure of space and is expressed as the product of area and
Tength or of three characteristic ]enghts of the space.” Volumes are measured in cubic units
such as cubic feet, cubic 1nches, or in liters (fig App-2).

[

. e Sy ' o
. I‘ - . . - . .

- -~ ... -
1 . . B .
-3 .. ' :
, . . »
. e
. . .
. .
)
Al

3 - s :
length X width x height . '
3 units X 3 units x 3 units
+27 cubic units

Volume (square, regtéhgle)

~ Volume (cylinder)

llllll

Area x height -

rox K ' ’ 4
3.14 (3 units)2 (5,units) : | : .
3.14 (9 square 3n1ts) (5 units) ' . , ' :
141.30 cubic units Y

/

Fig App-e Conputing volume

c. Linear motion. Linear motion is the length of the line atong which a point or a body
has moved from one position to anothér. Linear distance is measured in units of length such

;“f : as feet, inches, or meters (fig Ap?:%) ) .

'S L]

. I I A A A ’ - .
. ' r—o— o uNirs —-——J & \

. .Fig App-3. . Linear motion,

-




g

’ d. Rotary ﬁotioh. Rotary motion is the mpvement df a point or body in a circulat
motfon, Let ug consider that the object shown' in, figure Apg-4 will be rotating clockwise
in a circle around point A. The pasition ofthe ohject may be &pressed Ly the angle thrdugh

which 1t moves.  There are 3600 1n a circle. The object starts facing 0V, As it rot8tes'
it can be said to have moved 450 (1/8 wr 3600 =

1/8 of the entire circle around point A
N 450) . 1f it-moved halfuay around, it Tould be said to have moved or rotatSd 1800, 1f it .
went all the way around, 1t would have finished one complete circle or 360Y.
. ‘ , v
i N - ’ . -
4 . '
» . " ’ h ' \‘
r T '
“ N . ]
\ 180°® '.‘ )
, . N _ .
. \
~ . ) 6 . 2

G ' W
o > _,\'P'G/App—fi. ‘Rotary motion.

e. Velocity. Velocity is the distance traveled by a moving object. in a unit of time such .-
as seconds, minutes, or hours. Velocity 15 computed by dividing the dist_ance traveled by the,

time used for the travel:
. . . ) .

Velocity = distance ) . > .
the time\fFEakes to go that distance - -

Ve~loc1ty = 10 units or 1 ynit
: T0 sec - 1 sec

’ Fig App-5. Computing velocity. ) . |

Veloéity may be uniform or vé’rying. If the motion 1s uniform i.e., when the velocity °
[f the motion, and, hence,

P is constant, the above "expression will give the actual Velocity. _
) also the velocity, is not uniform as in the reciprocatpg motion of a piston in an engine | R N
T gé velocity. The average piston, :

cylinder, then the above expression willligive™the aver

velocity is referred to as piston speed. “The velocitylof a moving,vehicle or aircraft 1sw
mph) or kilometers per hour (kph

enerally called-speed and is expressed in miles per hour (
?fig App-6 and App-7). The forimulas and examples will bs‘iven in the English system gnd

their equivalent in the metric system.

1 . o
. ) .

.o
s {\N




—_.( + { ¢ :\' a - .r . . N
. .- N L, _ -h-o-o-{g.'e)aoq-(m ’ ‘\ R
R B 19 MHES ‘.-I N * . -
- AR AR .
v 4 N :. : h _ )

A L. . : .
OO .

- . ¢ ” - - , . ‘L -
o, Y ) actual‘VEidcity n de‘;;Cc‘ .
: time - . .
‘ . ‘ _ = 10 miles (16 kilometers) - .
E . 60 min _
, W . = 10 miles (16 kilometers) . _
; : . ] T hour
‘ s _ : = 10 mph (¥ kph)
_‘ ~Fig App-6. Computing uniform velocity. E

'

! > . .
- A R . -
1 ! : - -
\ .
S .

) ] E ) .
,‘ -.‘.-.‘Lgi)"_.(?;l_.e“- . . ‘
Ty rruvuri rIJ :

10 Mites — >

o aka

average velocity = distance

time .
. - = 10 miles (16 km) B
40 min
_ ) ) . = 10 miles (16 km)
. : ) , .67 hrs N
) . = 15 mph (24 kph) .

Fig App-7. Computing average velocity.’

o When neferring to the flow of Tiquids or gases; the rate of flow is called velocity
and {s expressed in terms of feet per minute (ft/min), feet per second (ft/sec) or meters per
minute (m/min), meters per second (m/sec). On the other hand,.the term speed'#is applied.when

- referring to the rotary motion of a mechanism. Thus, engine speed is s&id to be so many
revolutions of its crankshaft per minute and is designated as revolution.per minute (rpm). {

. f. Accelegation.  Acceleration is the chafye ofﬁveibcity of agoving body in a unit of
time. ccleraﬁion may .be uniform or varying. It ig&considered positive when the velpcity
incesdses and négative-when the veloc ity decreases%fﬂegative accleration is qallgd

deTeleration. : -

“Acceleration is computed by dividing'fhe change in velocity by the time during which
fhis change takes place. If the acceleration is uniform, then this expression will give the .
actwl acceleration (fig App-8). S . \
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: t, Actual acceleration =.change in velocity - - .
o - _ change 1n time . . S
_ ' - = 10 mph (16 kph) . R
. | 5 min . : -
.l - v b . . .
‘ - -~
Y « g
' Fig App~8. )
t . ‘ R
) If the change in velocity is not uniform, thew this expressidn will give the average
acceleration (fig App-9). v » -
d . '\x-".
¥ - R : .
‘ | xRt augn: | S -
, o e | -
OGIC . o
. v - -
— : ' - f t .
, i _ average acceleration = change_in velocity
' o change in time
e = 0 mph (kph) to 15 mph (24 kph)
0 min to 10 min
. . i = 15 mph (24 kph)
: ' o . 10 min -
o .x 15 mph (24 kph)
o rs &
= 90 mph (144 kph)
% . = 90 mph? (]_4'4'Eph2-)
. " ! Fig App-9. Computing varying acceleration. _ ,
. When the velocity is expressed ip ft/min, acceleration will be expressed in ft/mint per
minute or ft/min?. If the velocity is egpressed in ft/sec, the acceleration will be - C
expressed in ft/sec per: second or ft/secé. _ . T o

-

be exerted by a solid body,-a fluid, or+a gas. Pressure can be computed by dividing the vforce

4 which is being exerted by the area over whith it is being exerted. In figure App-10, 16 -
pounds (7.2 kg) of pressure are being placed on & squa;z block with an area of 2 inches by 2
inches (5.08 cm by 5.08 cm) or 4 square inches (25.8 cmc). The pressure is computed as

g. Pressure. Pressure may bé'definedéés a force acting on a unit or area. “Pressure may

follows: -

L]
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r e YA 7
. - g - ¢ v
P g ~ » , -
. ¥ POUNDS N . N
~ - - ‘—’E-Ol . "i l v N
g 4 - ) 4 - -
{ . v L ot a0
* J . . " "'. w ; - - q
“ pressuye o force ‘ =

T e X 08 o x5, 08 an .
= 16 bs/f (7.2-kg/f)y ™ -

.3 qure inches [75.H,on<)
ps ‘a 0

-
o

rzskpa)‘ h T -
& . - R . ) '
. Fig App-10.- Computing-pressure, . ST B
. . AR ) T. e ’ .
In the case of contact between tws solid bodies, .th’e-gurfage_swh*\ve a perféct uniform
r contact only in exceptional -cases. The presence ’of an uneven are a w¥l "give higher pressures
~ . at the high spots, and Jower, if any, at the places' of -depression, In such a case, the .
pressure as determined in the above example will give only the average value. However, when a, S7
~force and equal in a1 directions regardless of the shape af the walls, - .

h. S%'ci fic gravity. Water is a common 1iquid and is_often used as a standard by which
other 1iquids ard compared. It can be useful to know 1f a 1iquid is lighter or heavier than |,
water. Specific gravity is a term used to com'pare‘ the weight of thie same quantity of water.
Specifit gravity = weight of a certain volume of liquid \ '
. welght of that same volume of water

: . On gallon {3.785 liters) of water weights 8.34 pounds (3.75 kg). If the weights of a
‘ 1iquid were equal to the weight of water, 1f would have a specific gravity of one. If it were - a
' twice as heavy as water, if would have a specific gravity of two. If you knew that a fuel oil
has a specific gravity of .84, how much ‘would a gallon (3.785 liters) of that fuel oil weigh?
* Remember the formula: . : y _ .

Specific gravity = weight of a certain volume of 1iquid -
etght of that same volume water

Insert what we know in the formuas \ '

.84 = weight of a,certain volume of 1iquid \ : -
= 8.3 pounds per galTon [3.75 kg per 3 '
A ’ »

To find the weight' of the fuel multiple .84 x 8.34 pounds per gallon (3.75 kg per -t
Viter), The answer 1is 7 pounds per gallon (3.15 kg per liter), .

Work 1s being done when a force is moving a body through,a certain distance. Work is
' . measured by the product of the force (f) multipied by the distance (d) moved in the directidn v
S ofthe force: : ST . SN
R ! - . . ( . . . . [ 4
Work = force x distance® . . ’ '
W=¢xd . v

Work {is expressed in foot-pounds or inch-pounds tn the English system (fig App-11) and
in Joules (§) In the metric system. ' o ' .
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Fig App-11. Work being performed.
oL 'D _ )
English _ Metric
" work = weight x distance moved work = weight x distance moved
= 55 1bs 'x 10 ft - C . =*24,95 kg - .f x 3.048 m x c.f.
. ) = 650 ft-1b . S = 745.7 J : _ e
Note: Thenconversion factors (c.f.) can be found in standard metric conversion charts.
Examng: : Find the work necessary to raise the weight of 100 1b (45.35 kg) a
distance of 2 3/4 ft (.84 m). The work to be done is 100?( 2.75 ft-1b or*
45.35 kg x .84 m x t.f. = 373.57 J. _ o W
: Power is the rate at which work is performed, or the number of units of work performed.
. . in one unit of time. 550 ft-1b per second or 745.70 watts is called a horespower” (hp).
- \ Power = work - time : ; :
*Using the example above, determine the boWer required to do the'work if tife work is to
be performed:’(a) in 5 sec or (b) in 25 sec. - , - .
English’ : - .
(a) 275 ft-1b-f = 55 ft-1b-f/sec = 55 ft—]b-f/ﬁec =1 hp ‘
5 sec - B t-ib-t/sec
(b) 275 ft-1b-f = 11 ft-1b-f/sec = 11 ft-lb/sec = .02 hp
sec ‘ 550 Tt/sec
v i Metric ) v
L S - : m —_ . .
. (a) 373.57 J = 74.71 watts = 74.71 watts = .1 hp - .
. 5.sec ' .70 watts .
™). 373.57 J = 14.94 watts =.14.94 watts = .02 hp
sec 735,75 watts

Note? The answers in the metric system havé been rounded off to two decimal places.

: _— F3 : .
Electric power is mqasured in units calldd watts; 1,000 watts are called 1 kilowatt
(kw). The conversion factor between hp and kw is%l hp = 0.746 kw or Tkw =1.341 hp,

-
-
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APPENDIX 111 _. | .

il

ENERGY

.. Conservation of engery
©a, General.. Energy of a body is the Amount of work it can do. Energy exists i% several
different Torms; a body may possess energy through its position, motion, or condition.” Energy
due to a position occupied by a body is called mechapical- potential energy. -An example of
mechanical potential energy is a body located at a higher level such as water behind a dam.
When a body is moving with some velocity, it is said to possess energy of motion or kinetic
energy; for example, a ball rolling upon a level floor. A third form of energy is internal
energy or energy stored within a body, a gas, liquid, or solid. It exists due to the forces
between the molecules or atoms composing the body such as in steam or gas under pregsure,
Chemical energy in fuel or in charged storage battery is also classified as internal ergy.
These three farms of energy (mechanical potentialf kinetic, and internal)*have in common the
characteristics of being forms in which e ergy may be-stored away for future use,

Hork can be classified as mechanigal or electrical energy in the 3tate of )
transformation or transfer. Work done by/raising a body stores mechanical potential énergy in .
the body due to the force of gravity. rk done to set a body in motion stores kinetic

" energy. Work done in compression a gas stores internal energy in the gas. Electrical work
can be transformed into meghanical work by means of electric motor. After that it may undergo
other changes the same as mechariical work. Heat, Tike work, is energy in the state of
transfer from one body to another due to a difference in temperatureof the bodies.

-

b. —4tnits of enérgy. There are two basic ihdependent units energy:

, .
The foot-pound (ft-1b) is the amount of ienergy as shown by work and is
huivalent to the action of a force of 1 1b through a distance of 1 ft,

ThéBritish thermal unit (Btu) is the energy required to raise the
temperature of 1 1b or pure water by 10 F at standard atmospheric
pressure of 14.70 psia. & ;

The conversion factor from ft-1b to Btu units, often cdlled the mechanicai QQiﬁﬁleht
of heat, is 1 Btu = 778 ft-1b (1055 J.) . \ .
/ There are two other.enérgy units used in engineering calculations derived fromsthe °
) basic unit of ft-1p; . W Y ’ , :

. , x 3
..~ .The horegpﬂjér—hour (hp-hr) whichMs the transfer of é;Eng' t the rate of
33,000 ft- er min during 1 hr, or a total of 7,980,000 ftﬁjb, or, using
the factor 77g, 1 hp-hr = 1,980,000 - 778 = 2,544 Btd (2684 J).
¥ . The kilowatt-hour (kw-hr) which is the transfer of energy at the rate of
-+ 1,000 watts (W) per hour or 1.341 hp per hour which is equivalvent to
' 44,253 ft-1b per min during 1 hr or a total of 2,66,180 ft-1b or also 1
v : kw-hr = 2,655,180 - 778 = 3,412 Btu. P

The prinicple of conservation of'énergy states that energy mayﬂé§ist in many varied.
and 1interchangeable® forms but may not be quantitatively destroyed or created. Thus,
mechanical energy may be transformed into heat, or vice versa, but only in a definite relanpn
as given before: 1 Btu = 778 ft-1b, ' T

: . 3 i l
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" APPENDIX 1V

\ : TEMPERATURE ‘ a

a. fGeneral, the temperafure of a\Body is a characteristic which can be determined only
by comparison with another body. When two bodies are placed' in close contact, the one which,
is hotter will begine to-pass heat to-the other and is said‘to have a.higher temperature. .

. . - s

The'scales of temperature are-set drbitrarily. At present, there drf two temperature
scales used on this country, the Fahrenheit scale and the centigrade or Celsius scale. On the
Fahrenheit scale the two reference points:are the freezing point of water, designated as 320
F, and the boiling point of water under normal barometric pressure, designated as 2120 F.
The distance on the scale between these two points is divided into 180 equal parts called
degrees. On the centigrade or Celsius scale, the freezing point of water is designated as -
007¢c, and the boiling point of water under Mormal barometric pressure is designated as i
1009 C. The distancé on this scale is divided into 100 equal parts called degrees. Both of
these temperature scales are continued 18 both directions, above .the boiling point and below
the freezig point. Temperatures below 0Y on both scales are designated by a minus {-) sign.

In theoretical calculations pertaining to gases, another scale called' the absolute or
Rankine scale is used. In this scale unit, the degree is the same as the Fahrenheit scale,
« but the absolute zero is placed at -4600 F. Thus, the relation betweeén the absolute S,
temperature, designated T, and the corresponding Fahrenheit temperature, designated t, is '

e > .Degree Rankine = degree Fahrenheit + 460
. Y, (English) T = t + 460
7 F (Metric) T-= (C + 273.15)(1.8) : ~

4

In -technical calculations pertaining to yases; 600 F is called normal or standard

€

temperature. -. . : )
. X ’

As stated before; heat is:a form of .energy in a state of change; it is expressed in
British thermal units (Btu). Quantitatively, a flow of heat is determined by the change of
temperature of a body. Heat is conveyed if the temperature of the body rises and taken away
'if the femperature goes down. A quantitative measurement of heat is possible only by
comparison with the behavior of some other body selected as a standard. Since the heat unit .
(Btu) is determined with the aid oy water, water is used as a standard for determination of
the behavior of all other substpans,in respect to a change of . heat. .

- b. Specific heat. The specific heat of a substance is the ratio of heat flow required to
raise by TV the temperature of.a certain weight of the substance to the heat flow required
to raise by 10 the temperature 0f an equal weight of water. Due to the definition of 1 Btu,
the specific heat of water is 1.0 (becuase water is used as the standard) or ] Btu/lb-deg F,
and nunnricawyy the specific heat of a substance {s equal to the heat flow, in Btu, required
to raise by 1" the temperature of 1 1b of the substance. Denoting the specific heat by c,
the heat flow @ required to raise the temperature of W 1b of a substance from ty to, ts
degree F is: ' .

.

, Heat = Weight (of body) x'specifz_
Q= He(ta-ty)

In general, jﬁicific heat Qaries with the temperature, and for gases, specific heat '
also depends upon conditions of pressure and volume. Egr many calculations, a meand value of

specif ic heat can be used.

v

ic heat x -temperature difference or™ .

L

* . N .

c. Heat transfer. Geﬁ%ra]ly speaking, heat is transferred by three methods: conduction,
radiation;, and convection. Conduction is _energy transfer by actual contact form one part of a ,
body having a higher temperature to anth&r' part of it or to a second body having a lower N
temperature. Radiation is energy transfer through space frofka hotter body to a colder body.
Convection. is not a form of energy transfer. Convection is a process in which®a body and the
energy in it are moved from one position to another without a change of state. An example of
convection is the mpvement of heated air from one part of a room to another. A basic ‘
principle of heat flow 1s that heat can flow from one body to a second only if the temperature\ ' *
of tﬁf first body.is higher than the temperature of the second body.

»
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. APPENDIX V

4 B
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-~ S v
: ) - PRESSURE AND VOLUME . - ) S
v
Pressure was covered carligr in this course.. Addilionally, it should be mentioned -

that the pressure of a gas oftep expressed by the hefght of the column of a liquid which will
halance the gas pressure in the space under consideration. The 1iquid used is either water or

© mercury. The relation between thec various units can be established noting that one cubic foot

N

" . of fresh water-at room temperature weighs 62.4 pounds. Since ohe cubic foot contains 1,728

cubic inches, the weight of one cubic inch of vater is 62.4 - 1,728 = 0,0361 1b. Therefore, a
column of water 1 in. high acting upon 1 sq." in. will produce a pressure of 1 psi, the column
mrst- be higher in .the proportion of 1 - 0.0361 = 2%.70 in. Mercury is 13.6 times as heavy as-
vater, and therefore a column of mercyry muSt\be shorter in this propgrtion of 1 psi = 27.70 -
13.6 = 2.036 in mercity, and conversely 1 in mercury = 1 - 2.036 = E;.f}l psi.

I . .

- -

Instruments measure the pressure of gases in respect to the pressure of atmospheric
air, also called barsmetric pressure. Pressures measured are called gage pressures and
indicate pounds per square inch gage (psig) and pounds per square feot. gage (psfg). Th actual
pressure exerted on the gas can be obtained by adding the barometric pressure to the gage
pressupz,ﬁ This pressure is called ahsolute pressure and is indicated as pounds per square
foot ab€olute. If absolute pressure is designated P,, gage pressure Pg, and barometric, .
pressure b, then the relation can be written as \ '

abs. pressure = gqu pressure + barometric 9ressure or 'pa = pg + b. .

Theé barometric pressure b is not constant, since it-changes with the altitude and "
weather conditions. Noymal or. standard barometric pressure at sea level is taken as 29.92 i
or mercury or 29.92 - Z.036 = 14.70 psia (101325 Pascals (Pa)). '

Volume is the space occupied hy acbody,'a solid, liquid, or gés. If..the body is a

.~ vapor or, gas,~its volume must be confined from all sides. In engines, the volume of gas is

usually conf-ined by a cylinder-having one end closed by a stationary cylinder head and the
other end closed by a movable head called a piston. The piston has provisions for a gas tight
seal’. > When the piston changes its position, the volume bf the gas changes. When the piston -
approaches the cylinder head, the volume is beig decreased and the gas is compressed. ‘When
the piston moves away from the 'cylinder.head, the volume incréases and the gas expands.
Temperature has a definite effect upon the pressures and volume of gases, If e
certain volume of a gas in a tight container is heated, -the pressure will rise. UnléXs:
heating stops, the container may burst. If the same volume of gas is cooled or has it3
temperature lowered, the pressure thside the container will be lowered. You may be able to
remember what effect temperature has on a gas by thinking of gas as being exgited when it is
heated and calmed down when cooled. When gas is excited, it pushes out against the walls “of
the container holding it. It, therefore, exerts more pressure on the container. When gas is
calm, it will exert less pressure against the walls of its container. :

By way of summary, you shoud remember that, in dealing with. ase\s, the three *’ »
measurable quantities (pressure, volume, and temperature) are calTed gas properties or
characteristics. The three eharacteristics are connected by simple relation, which for any
gas can be written as pV = WRT where p is the absolute pressure in pounds pér square foft
absolute, V is the volume in cubic feef, W is the weight of thg-as in pounds, T is the
absolute temperature in degrees Rankine, and R is a constant~Called the gas constant. The
numerical value of R is known for all gaSes. It is expressed in ft-1b per 1b per degree
Rankine. The equation above shows:-that if the three Cﬂaracteristics for a certain amount of
gas are known, the weight can be found, or if the weight _is .knqwn, any one of the three ~
characteristics can be found if the other two are measured. ' '

v R
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